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This invention describes a computer-based system (1 12), 
methods and visual interfaces for providing an integrated de- 
velopment and deployment framework for visual modeling and 
dynamic simulation of virtual models of complex systems, 
which can be further integrated with monitoring (108) and con* 
trol (138) devices to monitor and control the operation of the 
complex systems modeled (102) and can be used for infor- 
mation retrieval. More particularly, the virtual models in the 
present invention relate to visual models of biochemical com* 
plex systems, comprising sets of icons representing processes 
and their participants linked into mulridimmti/raii pathways 
(1 16), further organized in a hierarchy of icons representing 
discrete time and space compartments, wherein such compart- 
ments may contain other compartments, and wherein those 
modular icons encapsulate in different layers all the informa- 
tion, data, and mathematical models that characterize and de- 
fine each virtual model 
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CONTROL SYSTEMS BASED ON SIMULATED VIRTUAL MODELS 



I TECHNICAL FIELD 

A. The ptvs«m invention in it* broadest form relates to computer-based systems, methods and visual interfaces for 
providing an integrated development and deployment framework for visual modeling and dynamic simulation of 
virtual models of complex systems, which can be further integrated with monitoring and control devices to 
control the operation of the complex system* modeled and can be used for information retrieval. 

Copyright Notice 

A portion of the disclosure of this patent document contains material which is subject to copyright 
protection. The copyright owner has no objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure as it appears in the Patent and Trademark Office patent file 
or records, but otherwise reserves all copyright rights whatsoever. 



II BACKGROUND ART 

A. Knowledge-Based and Model-Based System for Monitoring and Control 

1 IVoce** industries, including the pharmaceutical biotechnology, chemical, food, environmental and any other 
can save millions of dollars by using artificial intelligence for process optimization to control complex 
priKiuctions facilities. Using large-scale cultivation of micnx>rganisms or mammalian cells are extreme ca*e* in 
term* or complexity, when considering then as the individual manufacturing plants involved in complex chemical 
->nthe*i* Current systems monitor very general type* of phenomena, such as gas pressure, pH, and in >ome 
occasions the concentration of some product that correlates with cell growth or production, but those 
parameters are usually poor indicators of how much of the desired product is produced. . Complex mixture* ot 
chemical reactions can be finely controlled externally by modifying the types and amounts or inputs added, it 
one could predict what will happen by adding those inputs, which requires a good knowledge and a miwdel or 
such system of reactions. This is particularly the case with biological cellular systems that have a very 
sophisticated methods to transduce the signals provided by ligands in their external environment to the interior 
of the cell resulting in the execution of specific functions. Such detailed and accessible mechanistic model* or 
those pathways of reactions are not currently used for monitoring and control systems, but would be highly 
desirable. 

2. Several knowledge-based systems for monitoring and control functions have been used to include the 

knowledge of experts into the automated control of production facilities. A knowledge-based *y*tem interpret* 
data using diverse forms of knowledge added to the system by a human domain expert including: a) shallow 
knowledge or heuristics, such as human experience and interpretations or rules-of thumb; and b) deep 
knowledge about the system behavior and interactions. The systems that mainly based in the first tvpe of 
knowledge are in general referred to as knowledge-ba*ed expert systems, and the U>gic is represented in the form 
or production rules. In the more advanced real-time expert systems, inferencing techniques are usually- 
data-driven using forward chaining, but can also employ backward chaining for goal-driven task* and for 
gathenng data. The inference engine >earche> for and executes relevant rules, which are separate from the 
inference engine and therefore, the representation i* intrinsically declarative. 
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<nowledce available ... varies widely in precision from quantitative to qualitative", as those authors write. 
However, the domain of Molgen is a small subset of the domain of the system object of this invention. Within the 
Molgen group, the Ph.D. dissertation of P. D. Karp (included here by reference), focused on applying that 
research to the design of a computer-assisted reasoning and hypothesis formation system. Jn the process, the 
author "developed a qualitative biochemistry for representing theories of molecular biology", as he summarizes 
in an abstract with the same name the AI Magazine, Winter 1990, pp 9-10. In particular, he developed three 
representation models to deal with the biochemical pathways related to the tryptophan operon in bacteria, 
called declarative device models, each having different capabilities and using different qualitative reasoning 
approaches. Only chapter 3, dealing with those models, have relevance in the context ot this invention. The 
first model uses IntelliCorp's KEE (a commercial product) frames to describe biological objects and KEE rules to 
describe chemical reactions between the objects, which he recognizes to have serious limitations because is not 
able to represent much of the knowledge available to biologists. The objective of the second model, which is an 
extension of the fixed state-variable network of deKleerand Drown, is to predict reaction rates in a given 
reaction network, incorporating a combination of quantitative and qualitative reasoning about state-variables 
and their interdependences. The drawbacks are that this model is not able to incorporate a description of the 
biological objects that participate in the reactions, and in addition it does not have a temporal reasoning 
capabilities, representing just an static description of the state variables and their relationships. The third 
model, called CENSIM and used for both prediction and hypothesis formation, is an extension of model 1. and is 
composed or three knowledge bases or taxonomical hierarchies of classes of a) biological objects that 
participate in the trp-operon gene-regulation system, b) descriptions of the biological reactions that can occur 
between those objects, and c) experiments with instances of those classes of objects. The CENSIM program 
predict* experimental outcomes by determining which reactions occur between the objects in one experiment, 
that create new objects that cause new reactions. CENSIM is also further used in conjunction with the 
HYPCEXE hxpothesis-formatton program mat will not be further discussed here. Characteristics of the 
CENSIM program that may be relevant, although different, for the system of this invention are: 

a > chemical objects are homogeneous populations of molecules, objects can be decomposed into their component 
parts, and identical objects synthesized during a simulation are merged; 

b) chemical processes are frames arranged in an inheritance class hierarchy, which represent reactions between 
those populations as probabilistic events with two subpopulations, one that participate in the reaction and one 
that doe* not; 

O restrictions are specified in the form of preconditions for chemical reactions to happen. 

d) those Forbus-style processes can create objects and manipulate their properties, but cannot reason about 

quantitative state variables such as Quantities. In his words, "processes are described as KEE units... |that| .. 

specify actions that will be taken if certain conditions hold", and in that sense are like production-rules; 
el temporal reasoning is not available, resulting again in static representations and simulating onlv behavior in 

very shim time intervals. 

4. This system integrates a variety of forms of knowledge representation, some of them totally novel while some of 
these tonus may have been given a prev ious treatment by other authors which may be similar in H»me of its 
aspect- to the treatment given in this invention. However, upon integration into a totally new appmach. that 
treatment becomes a part of a novel representation and innovative system. For example, regarding the 
semi-quantitative simulation component which is just one of several applications offered by the system object of 
this invention. L.E. Widman ( 1 Wl ) describes a semi-quantitative simulation of dynamic systems in a total I v 
different domain. What both systems have in common is the assumption that, as stated by VVidman; "a 
semiquantitative model ... is intended to predict correctly the direction in which each variable will change and 
to provide a correct partial ordering of the magnitude of change relative to other variables in the model. . . . The 
questions can beanswered in terms of relative quantities rather than absolute quantities. ... model parameter* 
Hut are not specified explicitly are given the implicit, default values of normal* (unity) ...'*. Similar but 
different concepts are applied in developing part of the system of this invention, but as it will become clear from 
the detail descriptions in the following sections, not only are they applied to a new domain, but the innovative 
tools and methods used in the present implementation are also quite different. For example, while he assumes, 
that " ... the default, or implicit, value of normal' maps onto unity for parameters and onto zero for variable*... ." 
the assumption in the prebuilt modular components in the current implementation differs from that statement in 
that the default, or implicit, value of 'normal* may map onto values other than unity for parameters and onto 
values other than zero for variables, with those values being defined based on expert knowledge. 

111. DISCLOSURE OF INVENTION 

A. This invention describes an integrated computer-based system, method* and visual interfaces tor providing a 
development and deployment framework tor visual modeling and dynamic simulation of virtual models of 
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Each or the modules can be run on top of the repository module that contain the class definitions and associated 
methods, and they can be dependent or independently of each other, or they can be maintained in separate CPUs 
and seamless integrated by the Shell s supervisor. 

D. This invention includes libraries providing the prebuilt building-blocks necessary for visually representing the 
vast breath of knowledge required for building virtual models of complex systems in general and of biological 
systems in particular. The building-blocks are classified in palettes that can he selected through system menus. 
The descriptive information and data and the mathematical models are all encapsulated within the modular 
components, in the form of attribute tables and in the ibrm of component icons, with a plurality of methods are 
associated with each of the icons. The visual models are built by interconnecting components of each reservoir 
icon to components of the one or several process icons in which their entities participate as inputs or outputs, or 
by interconnecting components of each process icon to components of the one or several reservoir icons that 
provide inputs or receive outputs to that process icon, resulting in complex networks of multidimensional 
pathways of alternating layers of reservoir icons and process icons, which may be located in the same on in 
different compartments. The time compartment icons, the reservoir icons, and the process icons or their 
components comprise sets of quantitative variables and parameters, and a set of associated methods that permit 
real-time simulations of the models created with those modular components. The system of this invention 
combines a number of programming paradigms, integrating the visual interface to define and constrained objects 
represented by icons, with procedural and inferential control and quantitative and semiquantitative 
simulation methods, providing a variety of alternatives to deal with complex dynamic systems. 

E. Of importance in simulating the behavior of complex systems is the need to model the different quantities and 
states at which the entities can be found in particular iocations at different points in time, and also to model the 
events that cause the transitions from one state to another, or the translocation from one location to another, or 
the progress to the next phase in the time sequence. Some of the important teachings of this invention comprise; 
the representation of those states, transitions, and locations; the methods to implement their graphic modeling; 
and the methods to dynamically simulate the dynamics of the pools of entities in each state, location, or phase. In 
the particular domain implemented to illustrate this invention, there are -everal major tvpes of states and 
transitions to be considered, depending of whether the entity to be considered is a biological svstem, organ, cell 
cellular compartment, molecule or any other of their components. We are providing here with just a few- 
examples considered in the currently preferred embodiment of this invention. 

F. The architecture of the system of this invention allows various bioProcesses to simultaneously compete for the 
contents of a bioPool while also allows one bioPool to participate in various bioProcesses in different 
capacities, with different units within a bioPool behaving in different ways, as determined bv the class of 
bioReactant to which they are distantly connected via the bioPosts. With this implementation, all bioEngmes 
that input units into a given bioPool and all the bioEngines that get input units from that biol\>ol are integrated 
At the same time, all bioPools that input units into a given bioEngine and all the bioPools that get input units 
rrom that bioEngine are also linked. The result is a very complex multidimensional network of composite 
hioObjects, which provides the matrix for further reasoning and simulation by the program. For example, die 
formulas that provide the values for the encapsulated sets of variables and parameters refer to connected 
bioObjects, Kith graphically or distantly, providing the capability of concurrently and dynamicallv compute a* 
a large number of processors arranged both in parallel and in series within that matrix. 

C. The modeled system's behavior is defined by mathematical components, represented by a set of model difrerentui 
and algebraic equations that provide the values of the system's variables and describe their behavior, together 
with the set of associated parameters that control the behavior of the variables and the svstem a> a whole. The 
system's variables and parameters are embedded and distributed throughout the svstem of connected structure* 
encapsulated within the subcomponents that define the system's architecture. The model can then be viewed a. a 
>et or embedded block diagram representations of the underlaying equations that can be used for dvnamic 
numerical simulation and prediction of the effects of perturbations on the system, and to ask what-if tvpe 
questions. 

K The compartmentalized bioModels, and the methods attached to them, encode knowledge mat enable* the 
program to reason about the containment of different parts of the model in several compartments, while the 
architecture of the network of linked bioObjects of diverse types is transparently maintained, regard le*« or the 
transfer of the bioObject icons to different iocations. They also comprise quantitative variables and 
parameters, some relating to quantities and rates translocation, distributed either within the corresponding 
reservoirs and process or relating to time intervals which may be associated with the time compartments, all of 
which have associated simulation formulas to compute their value*. In addition, the modeler can define expert 
rules to monitor the values of those variables while the simulation is running, and to either set other values or 
control the course of the simulation in a variety of ways. The expert rules can also reason about time or abou? 
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IV BRIEF DESCRIPTION OF DRAWINGS 

FIG.l is a high-level illustration of the various components integrated in the system of this invention 
to use the virtual models for control functions. 

FIG.2 is an schematic representation of the organization in the system of this invention of the 
components of the virtual models in the domain of cell biology. 

FIG.3 is an schematic representation of the organization in of domain-spec: fic processes in discrete 
space compartments an time compartments. 

FIC.4 is an schematic representation of the handling of the dynamics of the progression of 
populations of ceils through different states by means of the sets of pools of cells and processes 
characteristic of this invention. 

FIG.5 is an schematic representation of the multiple layers of linked pools of entities and processes 
the result in the multidimensional pathways characteristic of this invention. 

FIG. 6 is a more detailed representation of how the various iconic components encapsulated in the 
icons representing the pools of entities and processes are linked in the current implementation of this 
invention. 

FIG.7 is a detailed representation focusing on the iconic components of a process and their relations 
to its sources of inputs and the targets for its outputs. 

RG.S is a detailed representation focusing on the iconic components of a pool of entities and its 
inputs and outputs. 

FIG.9 shows domain menus that allow different types of access to different types of capabilities, for 
the purpose of modeling or using the virtual models, here focusing on the developer mode that 
allows developing additional tools. 

FIC.10 is the table of attributes of a complex variable structure that allows the integration of 
measured values and the simulated values that facilitates the implementation of this invention. 

FIC.ll is a library of predefined classes of variables with associated generic simulation formulas 
associated with each class available to the modeler virtual models for a specific domain. 

FIG. 12 describes the sets of attributes of the components of a reservoir, focusing on the variables and 
parameters of its model-block component.. 

FIG.13 describes the sets of attributes of the components of a pool of entities, focusing on its 
variables and parameters. 

F1G.14 describes the sets of attributes of the components of a process, focusing on the variables and 
parameters of its reactants. 

F1G.15 describes the sets of attributes of the components of a process, focusing on the variables and 
parameters of its engine and products. 

FIG. 16 shows domain menus of the modeler mode that allow modelers to access the different 
palettes of prebuilt building-blocks. 

FIG.17 shows examples of different palettes of prebuilt molecular components. 

FIG.13 shows an example of a complex molecular structure built with the prebuilt molecular 
components. 

FIG.19 shows a palette with examples of prebuilt model-blocks. 

FIC .20 shows a palette with examples of prebuilt composite processes. 

FIG.21 shows a palette with examples of prebuilt. reactants. 

FIG.22 describes the tools for interactively establishing links between components that result in 
multidimensional pathways. 

FIG.23 shows a palette with examples of prebuilt composite domain-specific compartments.. 
FIG.24 describes a domain-specific compartmentalization of the components of a virtual model, in 
this case focusing on the sequential phases of a cell's cycle and on its subcellular compartments. 

FIG.25 describes a domain-specific implementation of compartmentalized model interacting with 
each other and with the external environment. 
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FIG.26 describes a domain-specific characterization of the compartmentalized model from an 
external point of view. 

FIG rr describes a domain-specific implementation of an evolutionary tree representing the 
alternative successive states thafa compartmentalized mode, may follow depend.n* on he 
alternative successive s»i«s « r m „ Aina ,„ (h . environment, from an external point of 

that depend on their internal processes responding to the environment 

nTtt » an schematic representation of the combination of the inference and simul.tion 
capabilities used in this invention to simulate virtual models of complex systems. 
FIG ■><) is a detailed representation of how in this invention pools of cells interact with pools of 
belles 7s ^7 P »««- which products are either mo.ecules or ceUs in a different state. 
FIG 30 describes an example of the predefined Query Panels and the.r use. 
" FIG 31 describes how a user can request from any process within the virtual model the ^ dynamic 
deration of the pathways of all the processes that are either upstream or downstream fro m that 
process. 

FIG 3^ describes an example of the predefined Navigation Panels that the user can request from 
In?" e\«rvo r'l nTh. virtual mode, for the dynamic generation of constrained pathways of al, the 
processtrtn;, are either upstream or downstream fro m that reservoir, but wh.ch are conta.ned 
within a compartment selected by the user. 

cir « describes an example of the predefined Simulation Panels that the user can request from 
Z ^servt;: ^ JZ.I mode.lhe dynamic generation of constrained pathways and for the 
control of the dynamic simulation of the kinetics of those pathways. 

FIG 34 describes how such simulation can be followed by plotting the time-series of any of the 

quantitative values of any reservoir and process in the subsystem being simulated. 

FIG 33 describes an example of the predefined Experiment Panels that the user can select from the 

domain menus to request the dynamic generation of constrained pathways from mu «,p«« .n.tia. 

points and for the control of the dynamic simulation of the kinetics of those pathways. 

FJG.36 describes an example of such set of pathways from multiple initial points 



8 



W09672257S 



PCT/US96/00M3 



V BEST MODE FOR CARRYING OUT THE INVENTION 
Notes 

1 The body of the present application has sections that may contain some discussion of prior art teachings 
intermingled with discussion of innovative and specific discussion of the best mode to use that prior art in thi> 
invention as presently contemplated. To describe the preferred embodiments, it is necessary to include in the 
discussion the capabilities ottered by the shell used as development and deployment framework for this 
invention (hereafter referred to as "the Shell"). The applicant specifically notes that statements made in any of 
those sections do not necessarily delimit the various inventions claimed in the present application, but rather 
are included to facilitate the process to explaining how the workings of an existing set of tools is used to 
illustrate the preferred embodiments of the new tools and applications claimed in the Claims section. The 
currently preferred embodiment of this invention, as described in the present application, is based on the 
definitions of a particular Shell: Censym Corp.'s C2 Expert System. There are several other attributes that 
relate to the Shell's built-in performance and formatting capabilities, which are not shown in those examples. 
Some information included within the body of this application was extracted from various sources describing 
the characteristics of C2, including user manuals, and some of this material is subject to copyright protection. 

A. Monitoring and Controlling the Operation of a Reactor Using a Simulated Virtual Model 

1 . The system object of this invention is a hybrid combination of model-based methods describing the explicit 
mechanistic reference behavior of the pmduction system with the input from process sensors that monitor the 
state of the production system, triggering event-based control flow of operations characteristic of each system. 
The system implements rules that wait for events to happen. Such events may be complex combinations or 
individual events, such as selected measured values reaching certain predefined or simulated values, or be 
within certain predefined ranges, including the implementation of fuzzy-logic within those rules. Such rules 
may fired other rules or invoke inferencing procedures or cause certain control actions to take place. This 
system can detect the current status of the production system, and when the selected monitored variables reach 
certain values specified by the simulated values of those variables, then certain control action take place. This 
system incorporates monitoring capabilities with the knowledge-based model to provide expert contml of the 
operation of the production system or biofermentor. This control system provides simultaneous supervision of 
numerous operating variables (such as intermediary or end-products, which in the case of cellular systems can. 
be intracellular or secreted), and compares them with the simulated values of those variables resulting from the 
encapsulated mathematical models. Depending on the dynamically monitored behavior of the production svstem. 
the control system is able to compensate by feeding components at different rates, feeding additional components, 
or stop reeding some of the previous components. 

2. Because of the user friendly and intuitive interface, the bench scientists can participate in the design of the 
pnxiucrion system by editing the knowledge base and the visual models themselves, incorporating information 
and data obtained in their own experimental research or that from other published resources. It allows the 
direct incorporation of research into the scale-up operations. The scientists can rapidly build models bv using 
the paradigm Clone, Connect, Configure, Initialize. They select the desired building block from the manv palette- 
provided, clone the building block and drop it on desired compartment, connect the building block to other 
building blocks in the model, configure by entering values of attributes (optional), and initialize the building 
block to establish relationships with other building blocks in the model. The information and data is entered 
into the system as attributes of objects, either as user inputs, or directly from measuring devices using and 
interface between said measuring devices and the computer system. 

3. The system provides a graphical computation and control language, where the objects communicate through the 
links established between them. Some of those linkages are built in within the composite prebuilt building 
blocks. The scientist building the model clones said prebuilt building blocks, as needed for each part of the 
model, and establishes the links between appropriate components within different building blocks, as needed 
Other information, such as the name, description, references, or the values of parameters specific for each 
component are entered by the modeler in the attribute table associated with each icon. In addition, an attribute 
may be a variable. 

4. Variables in this system are themselves objects, and maybe of two major classes: a ) one-valued variables hav* 
only one value which may be either provided during a simulation by a simulation formula or a simulation 
procedure, or can be inferred by any other means, such as rules or general formulas defined by the modeler: or 
b) two-valued v ariables have two values: the simulated-value may as before be either pmvided during a 
simulation by a simulation formula or a simulation procedure, or can be inferred by any other means, such as 
rules or general formulas defined by the modeler, and the measured-value is provided in real time through an 
external sensor mapped to said variable. The one-valued variables are used in such components by default 
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7. Deoending on the application requirements, the interfaces may provide bridges to Supervisory Control and Data 
Acquisition fSCADA) systems (such as the HP's RTAPSCADA or others). Distributed Control Svstems (DCS) 
(such as Honeywell TDC3000 DCS or others) or Programmable Logic Controllers (PLCs) (such as 
Allen-Bradley's PLC3/PLC5 families, or others), with the adequate protocol drivers, as well as to relational 
databases, object-oriented databases, ASCII files, as well as to a number of other connectivity applications, 
allowing the program to send or receive values over said interface. Hie program (114) and the interfaces (120, 
130) are separate processes which may be located on one or more host computers. In the later case, a 
communications link, such as a TCP/IP or DECnet protocols based link and port, is required. The program can 
also use various interfaces simultaneously, linked to different types of devices. The interface serves as a bridge 
between selected variables embedded in the objects or* the Virtual Models and their corresponding mappings in 
one or more external systems. Functions defined in the interface can be invoked by remote procedure calls 
(RPCs) defined in the program, and viceversa. 

H. The ideal system for the intelligent control of biotechnkal processes must posses a large set of features reflecting 
the real-time aspects of the control system, as well as the specific characteristics of the biochemical processes 
involved. There are a variety of new sensor technologies which may be used to provide the monitoring 
capabilities external to the Virtual Models. Furthermore, the system of this invention allows to integrate a 
variety of real-time control options with the ability to use mechanistic models to drive the automatic decision 
making support for process control. 

u . The knowledge-based Virtual Models include model-based reasoning that models the dynamic tehavior of 
processes on the reactor. This mechanistic approach may involve any number of variables to be monitored, 
including those measured and monitored in the reactor and those simulated and monitored in the Virtual 
Models, which are both used as inputs for the inference engine to be compared against each other or against 
other specified values, and which meeting the specified conditions trigger actions that result in control 
operation on the reactor. The Virtual Models pan ide a Visual qualitative and quantitative description of 
processes that happen inside of the reactor, as well as a description of the participants in those processes. In 
some cases, the reactor may contain chemicals in solution or bound to other structures, such as carriers or 
membranes. In other cases, the reactor may contain less defined mixtures resulting from cell extracts. Yet in 
other cases, the reactor may contain cells or one or more types, interacting with each other and with their 
environment, the culture medium, where each of such cells is an reactor itself that interact with other cell 
reactor. The system of this invention provides capabilities to produce more or less detailed Virtual Models of 
any of those types of reactors, or Virtual Models of subsystems within such reactor*. 

10. The program provides a domain-specific framework for continuous and discrete process modeling and 
simulation, which combines a hierarchical object-oriented representation to provide facilities for hierarchical 
systems mixJeling to handle multi-dimensional information, model-based and knowledge-based reasoning, 
temporal inferencing, and dynamic real-time monitoring and control. Furthermore, the system of this invention 
separates the representation ot the physical systems as Virtual Models from the monitoring and contn>l aspect*, 
alknving to integrate the same Virtual Models with different combinations of monitoring and control designs, to 
solve different production needs. 

11 . The present invention refers to a domain-specific, application-independent, knowledge-based and model-based, 
obiect-oriented, iconic, real-time computer system capable of being used by scientists as a framework to 
construct specific and interactive information, modeling and simulation applications in the chemical and 
biochemical domains. The present invention also provides a variety of domain-specific, 
application-independent tools, graphical interface and associated methods to provide users the capability to 
extract, interacnvely or automatically, the integrated knowledge contained in those applications or models 
build by the modeler, and to further use those models, among other uses, to navigate through the pathwavs ot 
processes and explore those processes and their participants, or for quantitative real-time dynamic simulation 
The computer system comprises a plurality ot methods, hereinafter called "the methods" and diverse sets ot 
objects, some of them representing either entities or concepts, hereinafter called bioObjects, and other 
representing other auxiliary structures, which in general are referred as tools. Objects are arranged in 
object-class hierarchies and workspace hierarchies. Methods may be associated with a class of objects, an 
individual instance of a class, or a specified group of instances within a class. Libraries ot prebuilt 
knowledge-based generic bioObjects are provided as the building blocks that can be combined in prescribed 
ways to create diverse and new knowledge structures and modei*. 

12. In the description of this invention, the following clarifications should be noted: 

a ) a person using the underlaying Shell to define the do ma in -specific application-independent but 

knowledge-based classes of objects, their as>ociated methods, and the prebuilt knowledge-based building blocks 
i» hereinafter referred to as a "developer", while the person using those building blocks to build 
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Jtmbutes or their components, such as actions, formulas* relations, rules and procedures, and which can be 
jivoked interactively by the user from either the bioObjects or their components or from the standard graphic 
user interface objects, or invoked program ma tically by other rules or procedures, and which an? hereinafter 
referred to as the associated methods. It is an object of this invention the manner in which the combination of 
those types of knowledge structure* encode, in a distributed form, the data and the knowledge that enables the 
system to compute and to reason about conditions and events defined by the developer, the modeler, any other 
external source, and/or generated during a dynamic simulation. Based on those conditions, the knowledge 
structures are used by the Shell to infer or simulate different behaviors, while data, information and /or control 
are propagated and actions are executed. As can be observed by comparison of the prior art previously 
discussed with the description in the sections to follow, the form of knowledge representation in the iconic 
models, libraries of composite bioObjects, graphical interface and associated methods, and the overall 
organization of the system object of this invention offer a very different and innovative approach that not onlv 
integrates the qualitative and quantitative description of chemical and biochemical objects with a set or state 
and dependent variables, such as amounts and rates, but also incorporates temporal reasoning and generates 
dynamic simulations. 

1 5. Therefore, one innovation of the present invention is the iconic interface and associated methods used to 
partition the domain knowledge into modular and interactive knowledge structures represented as iconic 
objects, the connections, interactions and relations between those structures, and their behavior, incorporating 
declarative and procedural information. Each independent functional iconic building-block, a composite 
bioObject, comprises a set of iconic bioObjects and other objects and represents either: 

a i the descriptive characterization of single units of molecular entities, molecular subcomponents, or molecular 
complexes, hereinafter called in general bioEntities; 

hi the aggregation of a number of units with the same characteristics, defined as a population of such molecular 
entities or molecular complexes in specific states, hereinafter called a bioPool, which together with the potential 
inputs to and outputs from such bioPool is encapsulated in what is hereinafter called a bioReservoir; 

o the interactions between fractions of different such populations of molecular entities or molecular complexes, or 
their transitions from one molecular state or discrete compartment to another over time, hereinafter called 
bioProcesses. 

d) the organization and integration of networks of pathways composed of sets of connected bioReservoirs and 
bioPnxesses organized in compartments, hereinafter called bioModels. Such low level bioModels can be 
further organized in discrete location and time compartments, representing the subcellular organelles and the 
phases of the cell cycle respectively, which are themselves components of higher level compartments representing 
single cells. All those types compartments are themselves bioModel subclasses at different levels of complexity 
and detail in a hierarchy of sub workspaces. 

In. BioObject, a subclass of the class objects provided by the Shell, is the superclass at the top of various 
hierarchies of classes of objects such as the class hierarchies below bioEntity, bioReservoir, bioProcess, 
bioModel. and others. Each instance of a class is characterized by the set of attributes defined for the das-, 
which can be inspected in the table of attributes attached to each object by selecting it with the mouse. Some 
attributes define configuration information, while other attributes describe the composition and eharactenstto 
of the object, and still others hold dynamic state information, such as the current valuels), data histories, and 
status. The value of some attributes of an object, such as the variables and parameters, can be dynamically 
modified at runtime. 

17. The knowledge-based modeling and simulation system of this invention interprets the information and data 
contained in the BioObjects' data structures, based on additional knowledge contained in the form of rule*, 
formulas or procedures. Model-based knowledge is integrated and encapsulated in the structural, functional 
and behavioral models represented by the virtual iconic models or bioModels. Those virtual models are defined 
qualitatively by the locations, connections, and relations of their components, and quantitatively bv their 
encapsulated mathematical models. The constants, parameters and variables that define those models are 
distributed through the different types of bioObjects, defined as their attributes, and the corresponding formula- 
and functions relate those data structures to others and characterize the particular system. The system 
integrates propagation of values, inference and control throughout the pathways. Model-generated results are 
used as input information for the inference engine, and dynamic models can also reason about the historic values 
of its variables as well as projecting values of variables into the future. All those different types of know ledge 
are added by human domain experts to incrementally build an integrated Virtual Model. 

1 8. In the current implementation of this invention, the variables embedded in the model that are set to get values 
from the sensor* (such as the concentrations of the corresponding bioPools) inherit their properties from two 
parent classes: a class of float-variable and a class of interface-da ta*service. One of the attributes or the later 
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O an inference engine, which interprets relations, functions, rules and procedures; 

d) a simulator, which may compute the values for three types of linear or non-linear systems: 

• dependent variables or parameters, from algebraic equations; 

• discrete-state variables or parameters, from difference equations; or 

• continuous-state variables or parameters, from differential equations. 

e) a supervisor, which controls operations, such as task prioritization, asynchronous concurrent operations, and 
real-time task scheduling. Other real-time features include time stamping and validity intervals for data, 
history-keeping, and reil-time data interfaces; 

f) a set of predefined generic object classes; 

g) several inference methodologies, such as data-driven, event-driven, goal-driven or time-driven capabilities; 

h) a graphic user interface development environment to create: 

• user controls such as action burtons, radio burtons, check boxes, and type-in boxes; and 

• graphic displays such as readout-tables, graphs and charts. 

i) dynamic messages, to pass information to the developer and user; 

j) an inspect facility, with various capabilities used in this invention to allow developers and users to: a) show 
on a workspace theclass hierarchies of any specified class, or all the members of any specified class, as well a ? 
the workspace hierarchy of any specified object, or the module hierarchy; b) go to any specified object in the 
knowledge base, displaying that object in the center of the screen; c) search for a set of objects that fit a set of 
specified characteristics; d) highlight or replace any word or expression within any specified class: and e) 
write to a file the text of the table of attributes of any named item, or of all the items upon a named workspace. 

k) a describe facility -allows* through the "describe" menu option of any object to find out the relations between 
objects or the elements of dynamic lists, making possible to go to the icon of each element of the list, which 
provides a very useful facility to navigate to objects selected following desired criteria used to fill the list. 

I ) a tracing and debugging facility facilitates such developer's tasks; 
tn) the capability of breaking an application into a hierarchy of dependent modules; 

n) the message board manage text messages generated by the system, such as configuration error messages, prompts 
generated at run-time, or explanations requested by the user. The system of this invention also use those 
facilities to generate messages that show up on the screen to indicate a wide variety of abnormal conditions 
appearing during modeling or simulation, such as all those expressions used in many procedures listed in the 
tables as: inform the operator that \..'\ 

o) support for distributed applications, by allowing different knowledge-base modules to be located in several 
workstations. Communication between distributed modules is handled transparently by the Shell's built-in 
network protocols. A simulation application can be distributed among several workstations when the 
knowledge-base is distributed as well, allowing computer resources to be adjusted to achieve the necessary 
performance. 

22. The Shell also provides a predefined object class, called "object-definition", which iconic instances have a table 
of attributes that provide frames or templates to define the characteristics of new classes of objects, such as: a) 
the names, types and default values for new attributes for that class, which are added to, or overriding, the set 
of attributes inherited from the superior class; b) an icon specific for that class, which can also be inhented. 
and c) the stubs that define the types of connections specified for that class. Instances of the so defined classes 
can be created: a) programatically, in which case they are transient when created, but can be transferred to a 
workspace and them be made permanent; or b) by selecting the "create-instance" option from the menu or 
object-definition, which creates an iconic instance of that class that sticks to the mouse-pointer and can b* 
dropped by clicking on a workspace. Additional instances can be also created by selecting the "clone" option 
from the menu of a previously created instance. C2 provides an inference engine that operates on information 
from different sources, such as: values compiled in the knowledge base, simulated values, and values received 
from the user, sensors or other external sources, and responds to events from the user, simulator, or external 
data servers. 

13. Each variable has an attribute called data-server, which value determines how said variable receives its value 
Options are the inference engine (the system gets the value from an specific formula, a generic formula, or a data 
seek, in that order), the simulator (the system gets the value from an specific simulation formula or a generic 
simulation formula, in that order), or interfaces to external monitoring devices, databases, or file svstems. By 
default, in he current implementation of this invention, the variables are simulation variables, which means that 
their data-server is the simulator. A simulation variable may have two values: the current value may be 
optionally provided by inference engine or ime of the interfaces, while the simulated value is provided by the 
simulator. Or it may have the current value provided by the simulator, in which case it has that such value. In 
those particular instances where the variables correspond to substances that are being monitored in the 
reactor, the vanables are then set to receive two values, the current measured value, provided by the external 
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.ast 3 minutes of the availability of ligandl is not true and the average over the last 3 minutes or the 
:luw-of-oump-Ll = the flow-of-pump-Ll then ... '* 

* In addition, the current implementation ot this invention allows to: 

- a) use the simulated Virtual Model to entirely take control of when and how the inputs are added to the reactor 
(or the outputs, such the culture medium or cells, removed); 

- b) synchronize the simulated model to the processes in the reactor, by allowing certain critical measured values 
from the reactor to provide the values for their corresponding variables in the simulated model, which are then 
used by other dependent variables and propagate down the simulated model. Such synchronized simulated 
model is the used as described in a). 

B. The Virtual Model : Domain Specific Knowledge Representation 

1 The computer system, methods, and interfaces that are the objects of this invention can be applied to visuallv 
model and quantitatively simulate any type of complex system involving any type of processes and, their 
participants. The set of palettes of prebuilt building blocks provided should reflect the needs of the particular 
domain in order to facilitate the tasks of the modeler, permitting the basic paradigm of "Clone, Connect, 
Configure and Initialize" and other automated methods. A library of prebuilt query panels and other panels, 
such as navigation, simulation and experiment panels facilitate the tasks for users to rapidly extract and 
dynamically use the knowledge and data contained in each specific application. The description that follows is 
based on one particular domain, that of biochemistry, to illustrate one of the implementations of such computer 
system, methods, and interfaces. However, similar computer systems, methods, and interfaces can be implemented 
in a similar manner for domains other that of biochemistry. For example, in a business domain, what in this 
description is called bioEntities can be substituted with different types of entities, such as employees or projects, 
and bioProcessescan be substituted with the different activities in which both interact, the bioReactants with 
the roles they play in such activities, which frequently may involve other participants. Emplovees are like 
enzymes, with the more capable having higher rate<onstants. Projects are like the substrates, and employees 
may have higher affinities for some projects, with a likelihood that they will interact in a process in which a 
quantifiable measure of the outcome, such as quantity or level of quality, will depend on quantifiable measure of 
the employee, lets say amount of time put on that project and level ot specific experience. The bioPool or each 
employee could represent his/her time, and the max-amount could be set to a day, a month, a year, or anv other 
amount. The Contribution to each project would be the amount of time invested in that role, while the different 
activities will compete for the time left available. 

2. In the remainder of the description of this invention, the rbcus will be on biochemical systems, which are 
complex, hierarchical, heterogeneous and non-linear systems, involving an interplay between the processes of 
transport, reaction and conformational change. They are regulated by cybernetic flows of information. The 
system object of this invention uses a kinetic approach to model these chemical and biochemical systems, rather 
than a thermodynamic interpretation, although thermodynamic variables are also included to aliow 
modification of the beha vk>r of the kinetic system. The current approach, whicn focus on trie amounts of entities, 
such as concentrations, densities, scaled-amounts, or other quantities of each bioReservoir's hioPooi ut cells, 
molecules, or molecular complexes, in a particular state, as a continuous function of time, and on specific 
coefficients or on rate constants that, in conjunction with the current values of those amounts, define the 
velocity of a biol*rocess's bioEngine, and the rates of consumption of certain bioReactants that participate in 
such bioProcess or the rates of production of its bioProducts, which are dependent on such velocity and specific 
stoichiometric coefficients, and which are equivalent to the rates at output and input from their connected 
bioPool, respectively. This kinetic approach is closer to the way of thinking of biochemists and molecular 
biologists. 

3. The cellular representation in this invention aims to reproduce the fact that function is not inherent in any one 
component of the cell, but rather emerges from the cooperation of many components, which depend on 
compartmental organization and functional relationships, and deals with multiple levels of biological and 
biochemical structural complexity, such as physiological systems, organs and their compartments, cells, 
subcellular organelles, and molecules. The schematic representation on the left side or FIC.2 shows an 
abstraction of the types of molecular and cellular relationships and interactions that are modeled and 
simulated, with unlimited levels of encapsulation being an important feature exploited by this system, allowing 
to start dealing with a topic with a high-level representation, and then successively "clicking" into objects ot 
interest, to show the next level of detail. This high-level example, at a low-level of detail, can be summarized bv 
what a biomedical expert could describe as "Oncostatin M (201 ) is a biok>gical response modifier which 
induces different responses on different cell types: a) it induces certain classes of cells (202) to secrete the 
cytokine IL-6 (203); b) it induces differentiation of primary, coblestone-like AIDS-KS cells (204) into mature 
spindle-like AIDS-Ks cells (205). which in turn are capable or long-term growth in agar when o both 
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locations. Each of those cell-btoReservoirs makes reference to a predefined cell-bioModel, which has a 
.naracteristic phenotype representative of the cells contained in that ceU-bioReservoir. The different 
phenotypes may characterize: a) different cell lineages, b) different stages of differentiation within the same cell 
lineage, or c) cyclical changes in the cell characteristics over rime, within the same differentiation stage. 
Genotypes are sets of characteristics measurable on intact cells, and the transition of cells from one phenotype 
to another are represented in the present embodiment of this invention as a translocation of a fraction of the 
cells from the cell-pool of the former subset to the cell-Pool of the later subset. The events that trigger those 
transitions may be unknown, but they may be recognized by changes in measurable or functional markers, such 
as the appearance of a new receptor, the synthesis of DNA, the secretion of specific interleukins, or mitosis, and 
the relative time in which they appear or disappear may be known, in which case those transitions are 
rime-driven. More specifically, a cell-bioEntity, which is a high-level external representation or description of 
a cell, may make reference to a cell-bioModel, which as described above is internally characterized by its 
components and mechanisms, represented by the pathways of bioReservoirs and bioProcesses. 

S. FIC.5 is a diagrammatic introduction to important concepts upon which much of the processing and reasoning of 
the current invention is based, where the different layers of arrows represent the direction of flow of 
information and data. In this system, pathways refer to sets of alternating layers of bioReservoirs and 
bioProcesses connected to each other to indicate participation of the populations or pool of chemicals 
represented by the bioReservoirs in the processes represented by the bioProcesses, and to further indicate that 
the processes represented by the bioProcesses provide inputs to the pool of chemicals represented by the 
bioReservoirs. The result of those specific connections is a multidimensional network of interconnected 
bicKhemical pathways that determines the basic architecture of this system. That basic architecture also 
defines the resulting network of parameters and variables, and the specific arguments for the generic formulas 
that provide the values for those variables are determined by those connections. A bioReservoir is an iconic 
knowledge-structure that contains a bioPool (501 ), which refers to a population of a single type of molecule or 
complex contained within a limited space represented by the bioReservoir. A chemical process is represented as 
a bioProcess, an iconic knowledge-structure that contains various components, including a bioEngine (304) that 
controls the Velocity at which the inputs) of the bioProcess. the bioReactant(s) (503), are consumed and the 
output(s), the bioProducts (505), are produced. DioReactants can also be said to represent the participation of 
certain number of units of a bioPool as the input to a given bioProcess, and more specifically, the role that such 
number of units of the bioPool play in such bioProcess. BioProducts can also be said to represent the 
participation of certain units of a bioPool as output from a given bioProcess Both types of 
knowledge-structures integrate bioProcesses with bioReservoirs in a complex architecture that allows to model 
the kind of complex systems and multidimensional pathways that are characteristic of the domain of this 
invention. In such integrated system, units from the bioPool of a consumable bioReactant, are transferred to the 
bioPooI(s) represented by one of its bioProduct(s), at a dynamically computed rate. The term upstream is used 
hereafter to indicate those bioReservoirs, bioProcesses, or pathways that affect the inputs to a given 
bioReservoir or bioProcess, while the term downstream is used hereafter to indicate those bioReservoirs. 
bioProcesses, or pathways that are dependent upon the outputs to a given bioReservoir or bioProces:* 

u The fast and short-term regulation, such as the temporary inhibition or activation of enzymatic activity i* 
modeled through separate bio-Pools of the more active and less active (or inactive) forms. Each modification of 
molecules or complexes that results in qualitative or relevant quantitative changes in their activity or funcnon. 
is represented as transfer of units between those different bioPools. Examples of those modifications include 
post-translational modifications of proteins, including allosteric changes, such as phosphorylation, 
isoprenylation, and so on. The slower, long-term, regulation of enzymatic activity is modeled by induction or 
depression of protein synthesis, which optimizes its concentration for the newly required function. 
Constitutive enzymes and receptors are considered to be synthesized and degraded at a constant rate, resulting 
in a constant steady-state level. In regulated molecules environmental signals, such as the extracellular 
availability of a hormone or growth factor, for instance, may cause the rate of synthesis or expression of new 
surface receptors to increase X-fold. If the rates of outputs are not concurrently and equally regulated bv the 
same factor, then a new steady-state level will be reached, which may or may not return back to normal after the 
activating signal ceases. Examples of those modifications include: a) gene mutations and other modifications, b> 
DNA transcription, c) post-transcriptional splicing and other modifications of RNA, and d) translational 
regulation 

0. BioPools, bioReactants, bioEngines, and bioProducts are classes of basic bioObiects that further encapsulate a 
variety of knowledge structures, including quantitative attributes, parameters and variables, which values, 
provided by simulation formulas, can be dynamically simulated in real-time. The amount of such units 
compnsed in a bioPool. represented by a variable such as Concentration or other appropriate amount, is 
dynamically computed at run time, parting from an initial value or basal-amount set by the modeler, or in its 
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hidden but their values can be dispbyed. The specific way the bioObjects are connected specify both data flow 
and control flow, representing sequential or concurrent ordering of procedure execution, and the information 
needed to execute an algorithm is provided by or inferred from the architecture. The evaluation methods of the 
bioObjects involved in the simulated pathways execute in parallel during forward chaining, passing along the 
arguments to the posterior bioObjects, while the arguments of the anterior bioObjects are passed to them. 

13. There are other parameters and variables defined in the system of this invention, which are also involved in the 
dynamic quantitative simulations of the visually modeled systems, and which can be incorporated in two 
distinct and alternative forms of simulation reasoning, absolute or scaled, as will be described in more detail 
under the heading Simulation Mode. For example, the factors that affect and define the transformation rates, 
such as the catalytic, binding or transfer rate of a bioProcesses (here preferably encapsulated as the Velocity 
attribute of its bioEngine), are distributed as attributes of the various connected bioObjects and comprise: 

a) the quantities of the bioReactants of different types, such as enzymes, substrates, inhibitors, and activators, or 
receptors, agonists and antagonists, or components of a complex (here preferably encapsulated as the 
Concentration or Density or Scaled-Amount attribute of the bioPool connected to each bioReactant. which 
values can be directly incorporated into the equation that gives the value of such Velocity, when using the 
absolute reasoning; or indirectly incorporated into the equation that gives the value of the Contribution 
attribute or each bioReactant, which holds an intermediary scaled value that is incorporated into the equation 
that gives the value of such Velocity, when using the scaled reasoning); 

b) the values of specific kinetic parameters characteristic of each type of bioReactant (here preferably 
encapsulated as: the "effective-bind ing-sites'' attribute of enzymes and receptors, and the "Michaelis-constant", 
"equilibrium-dissociation constant", or equivalent attribute of substrates, ligands. or other bioReactants, 
respectively, which values can be directly incorporated into the equation that gives the value of such Wlc*ity, 
when using the absolute reasoning, or, alternatively, the "scaled-Michaelisk", "scaled-equil.dissoc.k", or 
equivalent attribute of substrates, ligands, or other bioReactants, respectively, when using the scaled 
reasoning), or, alternatively, a global kinetic parameter specific for that bioProcess that replaces and represent* 
the combination of the specific parameters of each of the bioReactants or that bioProcess (here preferably 
encapsulated as the "rate-constant-sec" attribute of its bioEngine); 

c) the stoichiometric coefficients (here preferably encapsulated as the "stoichiometric-coeff' attribute of 
bioProducts and bioReactants); and 

d) theef fects of environmental conditions such as temperature and pH are also specificallv defined as attribute*, 
and can be integrated into the simulation within the appropriate equations. 

1 4. Chemical and biochemical reactions are continuous processes, within the time intervals that are dependent on 
the type of reaction and the environmental conditions, with the balance of the reaction favoring in general the 
forward direction. The strategy used in the system of this invention is to forward chain from inputs values from 
the user-intertace or from databases. In the preferred embodiment of this invention, the specific wav the 
bioObjects are connected specify' the sequential or concurrent ordering of data flow, and the parameters of 
model equations are included as object attributes. Model -genera ted results mav be used as input data for other 
simulated equations or as even* to be used by the inference engine. These dvnamic models can also reason 
about the beha vior of variables in the past and project the behavior of variables into the future. Integrating the 
activities of the different parts of a model system requires the simultaneous solution of a set or non-lihear 
ordinary differential equations and a set of dependent algebraic equations. In this invention, this svstem takes 
advantage of the two methods of explicit integration supported by the Shell: either the first^order Euler scheme 
or the quadratic fourth-order Runge-Kutta scheme, depending of the desired accuracy of the computation. The 
updates of the different variables may be synchronous or asynchronous, as a result of the variables having 
equal or different update intervals. The dynamic values of variables or parameters mav be displayed in both 
digital and graphic forms. 

1 ?. The default values and equations provided with the preferred embodiment of this invention, represent an 
steady-state modeling approach, since biochemical systems are better represented by steadv-state than by 
equilibrium situations. The value tor the Basal-Concentration of each population reflects the physiological 
normal steady-state value, when the rate of change is equal to 0 or equivalents when the sum of the inputs 
equals the sum of the outputs. Enzymes that are consntutively abundant and in their active form have no effect 
on the steady-state, since they are not rate limiting. However, regulated enzymes, such as kinases and 
phosphatases among others, may be constitutive only in their inactive form, and their Concentration influence 
the Production-Rate of the active form in the same way as the Concentration of a substrate controls its 
consumption rate. In the system of this invention, the activation -process of an enzyme (u other bioEntity) means 
consuming units of the bioReservoir of the inactive form and producing units of the bioKeservoir of the active 
form, and therefore it is the same treatment as for any other substrate and product. The regulation of en/ymaric 
activity is modeled through separate hiolVocesses that represent forward or feedback inhibition oracnvanon 
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:he menu choices of this and other bioObiects, such as a bioReactant connected to its bioPool, which refers to a 
population of molecules with the characteristics described for such bioEntity. The information about the 
characteristics of particular functional states of a given molecule or complex is encoded as separate instances of 
classes of bioEntity, as will be described in detail in later sections. Different behaviors of each bioEntity are 
then explicitly defined through the mechanisms represented by the bioProcesses in which bioReactants that make 
reference to such bioEntity participate. In other words, it can also be said that bioProcesses represent the 
interactions of a bioPool of such bioEntity with bioPools of other bioEntities, as defined visually through their 
connected bioReactants or bioProducts. Furthermore,. in the present invention, a single molecule can be 
described in more detail by and ordered and connected set of instances of more elemental bioEntities, referred to 
as bioEntity-componenls, which represent molecular functional components such as subunits, domains, motifs, 
active sites, regulatory sites and mutation sites. The additional levels of detail are implemented in this invention 
through the encapsulation of subworkspaces. In a similar way, sets of simple molecules can be components of 
other bioEntities representing a complex, or of a heter-mol<omplex. Since unlimited levels of encapsulation are 
allowed, it is possible to start dealing with a topic with a very general visual overview, and then successively 
"clicking" into objects of interest, to show the next level of detail. 

21 . As will be described in the following sections, in the system of this invention, the methods used to process the 
application-specific knowledge are separated from the application-specific knowledge itself. The 
domain-specific but application-independent knowledge is encoded in at least four different forms, 
characterized by; a) the selection, combination and specific connections of the simple knowledge structures that 
contain the variables and parameters that quantitatively define this system, within the subworkspace of a 
prebuiit composite bioObject; b) the selection and design of those simple structures and their interactions as 
components of the composite structures, which provide for the resulting transparently interconnected 
architecture underlaying this system; c) the selection and definition of the specific attributes of each of those 
types of structures, which describe and characterize the potential behavior of those structures: and d) the 
methods in the form of procedures, rules, formulas, functions and relations that together provide for the 
monitoring, control and execution of the system. On the other hand, the application-specific knowledge is 
incorporated in at least two different ways: a) the selection, combination in different ways and connections of 
those prebuiit composite bioObjects and predefined structures; and b) the configuration of the values of the 
predefined attributes of those selected structures. 

C Operating Facilities for Developing, Modeling, Navigating, Queering, and Simulating the Virtual 
Models 

The following descriptions of objects, tasks, procedures, and the complex processing that follows only 
highlights some features, and is not meant to substitute for the more detailed descriptions shown by the 
pseudo-code listings provided as Tables in the Appendix, as referred to within the text when appropriate. 

I. Developer Mode: Definition of the Building Blocks 

.0 Domain-menus 

• The Developer Mode can be restricted to only those users with development rights, in which case it is the 
default mode when the application is started. F1C.9 shows the domain-menus associated with this mode in thi> 
invention, which are shown here in an expanded way to facilitate discussion or the organization of the 
definitions of object classes and methods. The options shown highlighted with white background are selected 
options. Selecting the "Help & Mode Menus" head (901) pulls down a set options, each causing upon selection 
specific actions, including displaying named workspaces or subworkspaces of named objects, such as panel*, 
palettes or libraries, or generating other walking menus. In addition, selecting any of the available user modes 
changes the mode of operation and displays the specific domain-menus associated with that user mode, both 
actions applying only for the window from which it is selected. Selecting Developer Mode (902) displays the 
additional menu heads: "Object Definitions" (903) with pull down options pointing to major groups of object 
classes. "Variable Structures" (909), "Rules Proc's & Relat's" (913), and "Formulas k Functions" (916). 
Domain-menus include walking menus, and whenever an option has additional suboptions then a new 
pull-down menu is created and displayed in the next adjacent menu slot For example, selecting "bioEntirie>" 
(904) displays the pull-down menu headed by "bioEntities" (905), which options refer to different subclasses or 
the class bioEntity, and further selecting "MoleculComponents" (906) displays the one headed bv 
"MoIeculComponents" (907). and further selecting "Protein Motifs" (908) displays a workspace (not shown ) 
that contains the definitions of the class protein-motif and all its subclasses. In a similar wav, selecting 
"Variable Structures" (909) and further "Variables" (910) displays the menu headed "Variables" (911), and 
further selecting "Velocity p Variables" (912) displays the workspace shown in FIC.l 1 containing the 
definitions of the class velocity-pVar and its various layers of subclasses. In other cases options bring directly 
to a workspace, such as for "Rules Proc's & Relat's" -> "Genera lQuery Proc's" (914) which directly displavs* 
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A. workspace (915) that contains the definitions of son,* of the procedures needed for the process^ of Ceneral 
Queries. 
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;oior-re*ions, which color may change dynamically at run-time, to visualize the state of the objects, such as 
Elected, or of their subworkspaces, such as activated. The detailed description of the icons is not included in 
the Appendix to save space, and in most occasions it will be simply referred to as the <name of the 
class>-pattem, followed by its dimensions (to have a reference for the stubs), and by the color-regions, which 
may be referred to by rules and /or procedures. 

• In addition to an attribute table and sometimes a subworkspace, each iconic object has an associated menu with 
a set of options. Some of those menu options, and options defined within the Shell, perform standard tasks 
common to all objects , such as: change-size, clone, color, delete, describe, disable, go-to-subworkspace, move, 
and name. Many of those tasks are self-explanatory and will not be further described. Other novel and 
domain-specific menu options are defined in this invention as user-menu -choices to provide interactive access 
by the user to important automatic or semi-automatic tasks related to the configuration of the knowledge 
structures and to requests diverse forms of processing and display of such knowledge. User-men u<hoices are 
defined for the specific class named in its applicable class attribute, as in the example shown in Table 27. They 
appear as options in the menu associated with the icon of even' instance of every subclass of said applicable 
class, unless a class restriction is defined for any of those classes to exclude that option from the menu in any 
particular user mode . Selecting any particular options triggers one or more actions. All those domain -specific 
tasks provide a highly interactive user-interface and are important teachings of these invention. Those options 
and the methods invoked upon their selection will be discussed in later sections. Here we will focus on tne 
definitions of all object classes and on the description of their attributes. 

c) Variable Structures: 

• Variables and Parameters: 

- In the present invention, the quantitative attributes of object classes may be defined as simple attributes, or as 
instances of subclasses of parameters or variables. The values of simple attributes can be modified through 
rules, procedures, or other actions of the inference engine. The values for the variable and parameters may be 
provided from different sources. The Shell's simulator is used in the current implementation to compute the 
simulated values of variables and parameter that are integral parts of the bioReservoirs and bioProcesses. as 
described later, including state variables. Those values are preferentially provided by generic simulation 
formulas, although modelers may also provide specific simulation formulas for specific variables. Users can 
also input values for the simulator through the input-panels described beknv, and the program can also update 
values based on values received from other sources, so that values from different sources are integrated. To 
standardize the units used during a simulation, the absolute values are preferentially entered in Molar, M/sec, 
moles/liter, or seconds, as pertinent. 

- There are large number of subclasses of parameters and variables involved in this system, as defined in Tables 2 
through 15. Only a few of them are used as independent parameters or variables represented by their icon, and 
usually they have auxiliary functions, such as the x-pos and y-pos (Table 3) used to aid in the graphic drawing 
of pathways on a workspace. In this invention, most parameters and variables are implemented as attributes or 
the various classes of bioObjects, or other objects such as model-blocks or inference blocks, as well as attributes 
of other variables. Aside from the high-level classes, most of the other subclasses do not have additional 
specific attributes, but many have distinctive default settings, as specified in their listed definitions. The 
separated subclasses allow to attach specific methods to each class, either in the form of formulas, or by 
referring to all members of the class in rules, procedures or other actions. Since it would be tedious and 
repetitious to discuss each subclass of parameter and variable that are referred to in the system of this 
invention, listed definitions of other objects, their definitions are instead listed in lumped groups by similarities, 
and only a few that are representative or important to the understanding of the operation of the overall system 
will be discussed in the relevant section. 

- In the currently preferred embodiment, domain-specific variables and parameters are subclasses of vanou? 
subclasses of the the Shell's class "parameter", such as float-parameter, integer-parameter or 
symbolic-parameter, text-parameter or truth -parameter. Those that represent parameters in this domain are 
grouped under the domain subclasses int-par (Table 3) or float-par (Tables 4 through 8), depending on their 
value types. Those that represent variables in this domain are grouped under the domain subclass float-pvar 
(T ables y through 12), which are subclasses of float-parameter. The reason for these discrepancies is that In the 
Shell's classes "parameter" and "variable" do not fully correspond to the common concepts of variables and 
parameters and are simply two different data structures with different constraints and capabilities. Thi» 
invention also defines a set of subclasses of float-var (Tables 13 through 15), a subclass of the Shells cla** 
float-variable, as an alternative for domain attributes such as Concentration, Density and Velocity (which by 
default are represented by pvars, as discussed in more detail in the next paragraph) or parameters such as j 
variety of kinetic constants (which by default are represented by simple float attributes). 
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each type, In addition, there are two types or simulation provided by the svstem of this invention, as discussed 
jnaer the Simulation Mode heading One is semi-quantitative, using scaled (dimensionless) variables, and the 
other uses variables with absolute values. The currently preferred embodiment of this invention is defined bv 
default with a matching set of scaled variables, each with its associated simulation formula. For the Velocitv 
attribute, depending on the bioEngine subclass, different subclasses of rate-pvar (Table 1 1) are used, such as: 
catalytic-rate-pvar, binding-rate-pvar, dissociation-rate-pvar, mixiification- rate-pvar, or transfer-rate-pvar, 
with such scaled-values based formulas. However, the modeler can substitute those with an appropriate 
instance of an ahematiw set of more specific subclasses of velocity-pvar (Table 12), such as those shown in 
FIC.l 1 with more specific absolute-value based formulas. Each subclass of velocity-pvar (1101), such as: 
enzyme-velocity (1 102), receptor- velocity (1 103), complex-formation-velocity (1104), complex-dissoc- velocitv 
(1105), ion-transport-velocity (1106), con form-change- velocity (1107), and translocation-velocity (1108). has 
more specific subclasses, and each of those subclasses has its associated more specific absolute- value based 
simulation formula. The nomenclature used for naming each subclass indicates all the participating components 
and the reaction type. For example, 1 E.2S.1 LORD. velocity is meant for a bioengine.l E.2S.1 1, which means that 
its icon has at the top four specific stubs connected to one enzyme.r, two substrate.r and one inhibitory and the 
formula for that instance reflects the fact that the reaction happens in an ordered fashion, that is substratel.r 
binds before substrate2.r, and the inhibitor is a competitive inhibitor of the first substrate. The subclasses of 
velocity-pvar, and their associated simulation formulas, represent only the more typical cases, but they are onlv 
a fraction of all possible cases that user may need to represent. Therefore, another alternative is provided for 
the modeler to write the simulation formula that most appropriately fits the system to be modeled, substituting 
.vim an instance of the class velocity-var described above. 

- The system of this invention utilizes the history keeping capability for the values of relevant parameters and 
variables, as specified in their listed definitions, to graph the time-line or to reason about those historic values. 
The user can decide to display those values in charts or other display forms. The historic values, as well as 
their maximum, minimum, average values, or rates of change over time can be not only be displayed, but also u*ed 
by the user in different ways, such as storing them in external files or databases, allowing the values to be 
further analyzed. 

• Arrays and Lists 

- Arravs and lists are structures that hold a number of item of values in an ordered way. The subclasses of 
arrays (Tables lb and 17) and lists (Tables 18 through 20) have all the characteristics of their parent classes, 
as defined in the Shell, and they may have additional attributes within the system of this invention, as specified 
in their definitions. Arrays are indexed, and therefore each of its elements can be directly referred to bv 
referring to its index, while lists may be indexed or not. The length of arrays have to be predetermined, before 
additional values are added, while the length of lists increase automatically, as more elements are added. 
However, the current implementation of this invention uses arrays to permanently store the transient values of 
its elements by setting the "initial-values" attribute or an array equal to the desired values to be stored, 
separated by commas, which may be the current values of the elements of that particular array at any point in . 
time, or the elements of an auxiliary list, as described in the section describing the methods for queries. 

- One of the classes of arrays used in the current invention is query-array (Table 31 ), a subclass of svmbnl-array. 
which instances are created by the query initialization procedures. For example, one of the uses or a set of 
query arrays is for storage in each of all the instances of each class of molecular components in the Virtual 
Model (Table 16 ), as described later. The instances of references-array (Table 32), a subclass of text-array, 
refer to sets of instances of the class reference-block (Table 34) and may be attributes of instances of biuEntitie=>. 
bioReservoirs or bioProcesses. or bioModels, being used as described below. Furthermore, instances or the 
Shell's class float-array can be used to store all the values of a desired parameter or variable during a 
monitoring session or a simulation run, which can then be stored to a file or passed to another external program 
or device for further analysis or processing. 

- Bioitem-list (Table 20) is a subclass of the Shell's class item-list with no additional attributes. The different 
subclasses of bioitem-list (Table 20) are restricted to instances of particular classes of objects, such as 
experiment-selections, bioReservoirs. and bioProcesses. This invention uses lists in various ways, including: ai 
as transient auxiliary structures to process information at run-time, not visible to the users, such as instances or 
query-list (Table 18), a subclass of symbol-list, are used as auxiliary structures in the creation of querv-arravs. 
and instances of scroll-text-list (Table 19). a subclass of text-list, are used as auxiliary structures in the 
creation of scroll-areas; and b) as auxiliary structures with their icons upon a workspace, which in addition to 
be used to process information at run-time they are available to the user for inspection, such as those shown in 
FICs. 31 through 35) listing upstream and downstream bioReservoirsand bioProcesses. in reference to the 
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cases the activation, of workspaces, allowing the interactive navigation through the entire Virtual Model. 
Other subclasses or* button, named tracers, initiate important interactive tasks to create and display pathways, 
lists, or graphs from a point of view within the Virtual Model relative to the bioKeservoir or bioProcess rrom 
which they are selected. 

- The class change-mod e-bu Hon (Table 27) is a subclass of action-button with the additional attribute Mode, 
which upon selection starts the change-mode<allback (Table 27). A set of these buttons on a panel with the 
Mode and Label attributes of each button of the set equal to each of the possible values of the user-mode 
attribute of the window, allows the user to interactively change from one user mode to another, for the 
particular window displaying the panel. The optional behaviors of many types of objects in this system are 
user mode specific, as defined within the Class-restrictions attribute of the object-definitions of the 
corresponding classes, such as the actions invoked when selecting their icons (Tables 20, 24, 28, 30, 32, 34, 47, 
52, 53, 54, 65, 66), the options thaf appear on their menus, or the visible attributes. 

- The class path-tracer (Table 28), a subclass of the class button with no additional attributes has subclasses 
with specific methods associated with them. The "show" option starts the path- tracer-handler- proc (Table 29), 
which calls the configure-tracer-proc (Table 29) and one of three optional procedures, depending on the class of 
the path-tracer from which this procedure was invoked, as described in later sections related to bioProcesses, 
Navigation Panel, Simulation Panel, and Experiment Panel, where they play a support role by controlling the 
dynamic creation and display at run-time of interactive pathwavs of either bioReservoirs or bioProcesses or 
both. 

• The class lists-lracer (Table 30). a subclass of the class button with no additional attributes has subclasses 
with specific methods associated with them. The "show" option starts the list-tracer-handler-proc (Table 311 
which calls the configure-tracer-proc (Table 2y) and one of three optional procedures, depending on the class of 
the lists-tracer from which this procedure was invoked, as described in later sections related to bioReservoirs 
and biolYocesses, where they play a support role by controlling the dynamic creation and display at run-time of 
lists or either bioReservoirs or bioProcesses that are either upstream or downstream of the bioReservoir or 
bioProcess where the lists-tracer is located. 

- The class graph-tracer (Table 32), a subclass of the class button with no additional attributes has subclasse> 
with specific methods associated with them. The "show-plot" option starts the 

transf-graph-tracer-handler-proc (Table 33), which calls theconfigure-graph-tracer-proc and one of three 
optional procedures, depending on the class of the graph-tracer from which this procedure was invoked, as 
described in later sections related to bioReservoirs and bioProcess, where they play a support role by 
controlling the dynamic creation and display at run-rime of graphs that plot the values over time of key 
variables or parameters of those bioObjects. The actions performed by these procedures are similar, creating 
first a display with a graph and each a different set of predefined complex variables and then establishing 
relationships among those variables and the graph. The components of such displav are discussed in more detail 
below . 

• Other subclasses of bioTool used in the current implementation of this invention include: 

- The instances of the class reference-block (Table 34) are used to represent each reference to published 
information that serve as the source for building the different parts of the models. Selecting a reference-block 
displays the attribute table of each show information about the sources, such as the short-reference, author*, 
title, journal, institution and abstract. 

- The instances of the class btoObjecMitlc (Table 35) are used to label subworkspaces, such as those of 
bioEntities. bioEntity-notes, subModels. A set of rules (such as the examples in Table 80) automatical! v >et the 
text of those titles, based on the label of the object superior to such subworkspaces. 

- The classes reference-message and sequence-display (Table 36)are subclasses of the Shell s cla<s messa.ee 
used for display of text in the References Scroll and the MolSequence, described below 

e) Group of Operating/Display Tools 

• The classes query-panel and entry-panel (Table 37) are both subclasses of the class uil-tailored -dialog. a> 
defined in C2 Version 3.0, from which they inherit several attributes used for run-time processing. The different 
types of query-panels and entry-panels are designed as partially built master structures which are dynamically 
cloned and completed at run-time, upon requests from the user. The dynamically created Entry Panels < F1C*. 32. 
33 and 35) are used to interactively set-up and start constrained navigations, simulations, and experiments, and 
for selection of monitoring/control components. The dynamically created Query Panels (FIC.30) are us*d to 
interactively perform predefined complex queries, based on functional modular structure, relative position 
within the pathways, function (roles as bioReactants), or kxation in subcellular compartments. 
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?ioReservoirs and bioProcesses. wherever they are located. There are several restrictions built into the system 
m this invention to prevent users from making the wrong connections, or to warn them that wrong connections 
have been made, such as when a bioReactant-post is given the same name as a bioPost that is not a 
biopool-r-post, or when a bioproduct-post is given the same name as a bioPost that is not a biopool-p-post. The 
vanous subclasses of bioPost (Table 1) will be further described below, within the overall description of 
bioReservoirs and bioProcesses. 

g) BioObject* 

♦ The class bioObject (bio-object. Table 40) is a subclass of the Shell's class object, with various subclasses and 
various restrictions when in different modes, as listed. BioObject comprises all the classes of knowledge 
structures used to represent the biochemical systems characteristic of this domain. These object classes are 
characterized by their defined attributes, which can be: a) simple attributes of various types, such as text, 
symbols, integers, floats or truth values; orb) other previously defined objects, including parameters and 
variables of any of those types, or lists and arrays of those types of elements. The values for the parameters and 
variables can be provided by any of a variety of sources, such as the user-inputs, interfaced on-line sensors, or 
dynamically by the inference engine (for instance, through specific or generic formulas, rules or procedures), or a 
simulator (for instance, through specific or generic simulation formulas or simulation procedures), reflecting the 
changing values of the attributes defined within the knowledge structures and in the context selected by the user. 
The current implementation of this invention integrates encapsulated mathematical models made of simulated 
variables and parameters which values are computed by the Shell's simulator. 

« All bioObiects have at least three common attributes: a) Names, a Shell-defined attribute that binds one or more 
unique symbols to an object; b) Label a text attribute that allows to identify bioObjects that may not have a 
unique name; and c) Description is an optional text string that contains any additional information. While 
names are required in the current implementation for some bioObjects to be integrated into the pathways, such a> 
bioReservoirs, bioProcesses, and bioPosts, labels are preferred for identification in other cases, because they 
require less memory than symbols, do not have to be unique, their syntax is less restrictive, and offer more 
attractive options for display. 

• Among the major bioObject's subclasses, which further subclasses are described in later sections, are: 

- class bio Node-Object (Table 40): inherits all attributes and icon from bioObject and have no specific 
attributes, and can only have subclasses, not instances. However, there are methods that refer to this class, and 
therefore, like with many other classes throughout this system, the differentiation between classes may not 
appear in their definitions but rather on their behavior, through methods that applied to them. 

- class bio View-Object (Table 40): inherits all attributes and icon from bioObject, and can only have subclasses, 
not instances. A user-menu-choice labeled Details is defined for this class. Upon selection of this option from 
the icon of any instance of any subclass of bio View-Object by the user starts the procedure go-to-view-proc. 
which takes among its arguments the instance from which it was invoked and the current window and, 
depending on the value of the instance's Toggle-state attribute of hide or show, it causes the instance's 

sub work space to be displayed or hidden, it toggles such value to the other value, which is an event that fires a 
rule that causes the instance's icon to be configured to its pressed or depressed appearance, and respectively 
New attributes defined for this class comprise: 

- "references", defined for several subclasses of bioObject, is an optional text that makes reference to the 
sources of information and data used to construct and configure that instance of any subclass of bioObject tor 
which it is defined. This attribute may be defined as: a) a simple text attribute, which the user may consult to 
perform independent searches, or using this invention search facilities, such as the Master-Reference-Panel (not 
shown); or b) a reference-array (Table 17) in combination with the user-menu-choice "show-references", which 
when selected by the user starts the show-references-of-array-proc (Table 107), which displays dynamically 
created copies of the instances of reference-block (Table 34) referred to by the values of that array. 

- "warnings" is an optional simple text attribute which value is set by the modeler to wam the user about any 
abnormalities or data included, such as, for a bioKeservoir, when that particular pool of molecules have not yet 
been observed experimentally, but can be assumed to exist by analogy to similar systems, or when the poo! ha> 
been observed but the quantitative data has been assumed. This attribute is used in conjunction with a design 
(723, 843) in the icons defined for all those classes and their subclasses as a separated color-region, called 
flag-color, that is changed to yellow to make the user aware of the existence of warnings, or back to any 
appropriate color. Those changes are automatically executed by procedures invoked during initialization, or at 
run-time by a set of rules. 

- "toggle-state" is an attribute also defined for objects which icons' appearance change upon selection by the 
user, depending on the value of this attribute which alternatively switches between show and hide when the 
user clicks on the icon. 
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h) BioEntities 

. A bioEntitv is an iconic knowledge structure that represents any biochemical entity or their components, a. 
different levels of structural complexity. Each bioEntity may have information encoded in various ways, 
including: a) information and data stored in its table of attributes, and b) each bioEntity may have a 
subworkspace upon which the components that represent its functional modular structure are visual y defined. 
As shown in FIC.30. selecting from a bioEntitv icon s (3004) menu (3005) the "details" option (300b) display* 
its structure (3007). which mav have several layers of detail (3008 through 3022). In the current 
.implementation, functional components represent structural components that are relevant for the bioEntity s 
function and regulation, that allow the user to visualize the structural composition. The iconic composition .s 
also used in the inference used for processing of queries that involve the structure, which reter to b.oEntit.es 
that have certain components in their subworkspace. Each functional component ot a b.oEnt.ty belongs by 
itself to a bioEntity cbss, either molecule or bioEntity-component or any ot its hierarchy ot subclasses. 
. The class bioEntitv (Table 42). a subclass of bioObject, has numerous subclasses, organized in a hierarchical 
structure with different levels, according to the way a biochemist would classify difterent molecules, by taking 
into consideration their commonalities in chemical composition in the upper levels ot the hierarchy, such as 
protein nucleic acid, or lipid, followed bv a reference to their function, such as. within the class protein, 
active-polvpeptide. receptor, or enzvme. Table 41 shows a partial listing of such hierarchy, with some example* 
of the subclasses at different levels. Additional attributes include References, described above. 

• There are w« major subclasses of bioEntitv: 

- The class simple-bioEntitv (Table 43) includes all the subclasses with simple structures that are not further 
visuallv described in the current implementation, and they do not generally have subworkspaces with 
additional components. This class has two subclasses (Table 43). protein-site. and protein-modihed-gn-up. 
each with its additional subclasses: Additional attributes include: 

• Id is a simple attribute that is used to hold a text to identify the instance instead ot using a unique name; 

- Position i. a simple attribute text that indicates the position of that component within the molecule when 
applicable, such as the position of an aminoacid in the sequence of a protein, and is usually displayed; and 

• Superior-bioentitv is a simple indexed attribute that holds the name of the first superior bioEntity in the 
workspace hierarchy that has a name, if any, a value that is computed by the program within the query- 
reasoning and, as explained later, this mechanism is provided to avoid repetition of structures that are shared 
bv various instances of the same familv or of other families that share regions of homology. 

- The class complex-bioEntitv (Table 44) includes all those subclasses that can be further described by their 
components in their subworkspaces. As shown in FIC.30. selecting from icon's (3004) menu (300?) the 
"details" option (300ft) displays its structure (3007), which may have several layers ot detail (3008 through 
V2) Additional not previously described attributes include: 

- Master-bioentitv is a simple indexed attribute that may hold the name of a bioEntity that is displayed when the 
user selects the "details" option. This value is set bv the program upon cloning an existing named tnoEnnty 
us,ne the create-local menu option, asdescribed later. BioEntities with no names which Master-bioent.ty name, 
another bioEntitv. the master bioEntitv. can be considered as only a copy or pointer to the 5 ubworks P ace. or 
Master-details, of the master bioEntity, but it can also hold additional information in its table ot attnbute- or 
in its own subworkspace. or Local-details. 

. The major subclasses of complex-bioEntitv. defined to deal with multiple levels of biochemical structural 
complexity, include: 

. the class bioEntitv-component and its subclasses (Table 44) represent he lower-level molecular functional 
components such as: dna-component and its subclasses, such as dna-domain. promoter, operator, and so on; 
protein-component and its subclasses, such as protein-domain, protein-motif. and so on: and membrane and it- 
subclasses. The subclasses of this class may have 4 stubs of the class link used to link different 
bioEntitv-components, allowing for branching, and those stubs that are not used can be dragged away. 
Additional attributes include: Superior-broentity and Position, denned above: and Sue. 

- the class molecule (Table 4?) and its successive level of subclasses such as those ot protein (Table 4?.. 
nucleic-acid, and so on, represent the next lev el of complexity. For example, ss shown in FIC.30. a protein max 
have a set of domains or motifs, or a combination of both, and it may have in addition one or more prote.n-sKev 
or protein-modified-gmups. connected to the domains and or motifs a. approximate locations, with the more 
accurate position displayed in the "position" attribute. A protein-domain may also hav e in its SW a set ot 
smaller domains or motifs, or a combination of both, and it may have in addition one or more prote.n-s.tev or 
nrotein-mcvlified-groups. including copies of those connected to the icon of the domain 

- the class heter-mol-complex and its subclasses, such as nucleosome. tt-dna-complex. represent a higher level ot 
comolexitv A heter-moKomplex or a complex-molecule may be composed ot other molecule*. For example, a 
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t-dna-comolex may have a dna or a gene icon in association with one or more icons of specific 
:ranscnption-factors. In turn, the structure of a simple molecule is represented by an ordered set of bioEntities 
of the class bioEntity-component in its subworkspace. 

- the class membrane and its subclasses, are used to represent interactions ot several types ot cellular 
membranes with other molecules; 

• In addition to the structure in its subworkspace, additional information about an instance ot bioEntity can be 
stored in its table of attributes, such as the example shown for a default instance of the subclass p.tyr.kinase 
(Table 45). The inherited attributes shown are successively added through the hierarchy of its superior classes 
molecule, protein, and en/yme, and include: 

• Synonyms is a simple text attribute to list the different names by which a molecule or complex may be known; 

- In-species is a simple text attribute to list the species or common name of living organisms in which that 
molecule or complex has been found, such as all, human, mouse, Drosophila, C. elegans, S. cerevisiae, and so on: 

- In-tissues is a simple text attribute to list the tissues in which that molecule or complex has been found. 

- InCells is a simple text attribute to list the cell types in which that molecule or complex has been found. 

- InOrganeiles is a simple text attribute to list the organelles within a cell in which that molecule or complex ha* 
been found, and it may take values such as plasma-membrane, cytosol, nucleus, and so on. 

- Cas-number is a simple text attribute to indicate the CAS number assigned to that molecule, which is indexed 
to allow for faster searches and has a default value to indicate the preferred format; 

- Mol-weight is a simple integer attribute to indicate the molecular weight of a single molecule or complex, 
preferably expresses in Daltons; 

• Isoelectriopoint is a simple float attribute to indicate the isoelectric point of the molecule or complex; 

- Sequence is a simple text attribute to contain information about the sequence of a molecule, if relevant; 

- Substrates-info i> a simple text attribute to contain information about the known specific substrates or group* 
targeted by the en/yme; 

• Inhibitors-info is a simple text attribute to contain information about the known specific inhibitors of the 
earnne; 

• Ligands-info is a simple text attribute to contain optional information about any other ligand that may bind to 
the enzyme; 

• The class bioEntity-notes (Table 4*>, a class of bioTool. comprise auxiliary structures located the 
subworkspace of a bioEntity, that serve as iconic containers for different types of specific information about 
the bioEntity, which can be displayed by selecting the "details" menu option. 

H BioReservoirs 

• Class bioReservoir 

- As shown in FICs. 12 and 13, a bioReservoir (1201) is an iconic object that represents an imaginary container 
of a population of similar molecules or molecular complexes represented by a biol'ool (13111). A bioReservoir 
has -e\ era! operational functions and encapsulates several forms of knowledge. A bioReservoir s menu 1 12^2 1 
provides access to a variety of tasks to be discussed in sections below. Here we will define some of the 
components involved. The "table" option (1203) displays its table of attributes (1204), which holds value? >et 
by the modeler that, in addition to provide useful quantitative or qualitative information to the user, may be 
u>ed by the program to set the initial conditions before a simulation is run. The values of some of the attnbuie* 
of a bioReservoir characterize the system and are stored as part of the permanent database. The value* of other 
parameters and variables pertaining to a bioReservoir which are computed when a simulation is run, but which 
do not usually require to be set by the modeler, are hidden for convenience as attributes of the bioPool contained 
in each bioReservoir, as described below, but they could as well be implemented as attributes of the 
bioReservoir. 

- The class bioReservoir (Table 47) is a subclass of bio View -Object and its subclasses (Tables 47 and 4S> 
include: hound-mol-reservoir, sol -mol- reservoir, cell-reservoir, exp<ell-reservoir, genet-mol-Reservoir, r-onie 
with further subclasses . All instances of all subclasses of bioReserv oir have an activatable-subworkspacc 
which means that any object upon such subworkspace are not recognized by the inference engine or die 
simulator unless the subworkspace is activated, and therefore any of the tasks associated with their icons are 
not functional when inactivated. When the application is started, all those subworkspaces are deactivated, and 
tn the current implementation of this invention they are activated when the general initialization procedure* are 
invoked, as described below. In F1C.12 is shown a table of attributes (1204) of an instance not yet configured, 
shown here with its default values. The unlikely default value of "."e-VH given to some of those attribute*, 
which provide> a) a signal for the user that an adequate value has not been entered yet by the modeler, and b) a 
branching criteria for the inference engtne. Attributes newly defined for this class and its subclauses not 
previously described include: 
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- Compartment (1205) is an simple attribute optionally set by the modeler to represent the physical boundaries 

the contained bioPool; . 

- Status (12%) is a symbolic attribute which value is set and used at run hme by the simulate and other 
procedures, as an aid in the activation of pathways and in the crearion of interactive pathway -display*. It can 
akeanv of the values specified in the definition table and it is not visible to the modeler or other users. 

- Ref-bioentity (1207) is an optional attribute optionally set by the modeler to point to the bioEntity instance 
that describes the structure of a unit representative of those populating that bioResen oir. Th.s value ,s used by 
the program when the user selects the "bioEntity - option from the menus of either the b,oReservo,r itsel, or any 
of the bioReactants and bioProducts distantly connected to its bioPool. and that option appears on those menus 
onlv when the value of this attribute is not the default value none; 

. Master-bioreservoir (1208) is set only by the program when copies of named bioReservo.rs are made, such as 
those used in the crearion of interactive pathway displays, and is used by the program to display the 
subworkspace of the bioResenoir referred to by the value of this attribute, when the "masterndetails menu 
option is selected bv the user. This attribute is not visible to the modeler or other users. 
• Decav-rate-factor (1209) is a parameter which value may be entered by the modeler or can be modified at run 
time bv rules or procedures. Its defauh value is 2.0e-4, a value small enough not to cause dramatic changes^ut 
in line with some experimental observations in the domain of this invention, but it should preterably be modmed 
bv the modeler to better reflect individual cases; 
. If-scaling-amount (1210) is a simple attribute set by the modeler to indicate to the program the value to be used 
to interconvert between the absolute-valued and the scaled-valued variables or parameters of b.oPools and 
their connected bioReactants. The complex methods used for this conversions differ, depending on me aasses or 
biol'ools and bioReactants involved, as discussed in more detail under the Simulation Mode heading. Its 
default value of KXl is used if not modified by the modeler, if the value of the if-scalinp-bioreservoir attribute .> 



K-scaling-bioreservoir (1211) is a simple attribute which value may optionally be set by the modeler to 
indicate to the program that the value of the if-scaling-amount should be taken from the bioReservo.r named by 
this attribute. This value is onlv required or used when the value of the if-scaling-amount attribute is the 
default, otherwise, the later value is used and this attribute is ignored. This and the previous attnbute are not 
visible in General Mode; 

. Scaled-basal-amount (1212) is a float simple attribute set be the modeler that represents the scaled value ot 
the amount of units in the contained bioPool under normal or basal conditions, equivalent to a tract.on ot the 
maximum amount that this bioPool can reach under optimal physiological conditions. Since in many occasions 
in the domain of this invention neither the basal nor the maximum amounts can be measured or known with 
certaintv, this value represents in such occasions the best estimated guess, and it is an important 
semi-quantitative knowledge component. The default is the unlikely value ot 9.9e-W. 

- Phvsiol-abundance ( 1 213) is a svmbolic attribute which value is set by the modeler to indicate the 
physiological level of abundance of the contained entity in the compartment represented by that b.oReservo.r. It 
is a svmMic replacement of the previous attribute when the9.9e-99 has not been modified by the modeler. The 
values allowed for this attribute in this invention are: highest, abundant, steady-state. low-mduced or only 
induced, which curren.lv correspond to the scaled values of 1 .0. 0.9. 05. 0.1 . and I.Oe-9. respectively However, 
thisdefault scale can bechanged ^different values, and additional symbols and values can be added to he 
scale As and alternative, fuzzv-sets can be defined for the values of this attribute, and fuzzy-log.c can then be 
applied to those values. The reasoning for using the values of either the previous or th.s attribute, m 
conjunction with one or more of the following attributes, are discussed in more detail under the Simulation 

Mode heading. . . . .... 

. Normal-basal-concentration (1212) is a float simple attribute set be the modeler that represents the 

Dhvsioloiiical average value of the concentration of the entity contained in a sol-mol-reservoir; 
. Nomtal-basa Mensity (instead of 1 214) is a float simple attribute set be the modeler that represents .he 

average value of the density of the entity contained in a bound-mol-reservoir. 

- Physiol-max-concentration (1215) is a float simple attribute set be the modeler that represents the 
Physiological maximum value of the concentration of the entity contained in a sol-mol-reservo.r; 

- Phvsiol-max-densitv (instead of 1215) is a float s.mple attribute set be the modeler that represents the 
physiological maximum value of the density of the entity contained in a bound-mol-reservoir. 

- Selecting the "details" option (1216) displays the subworkspace (1217) which contain the components thai 
SaTacteri' e a bioReservo.r. The classes of those components tha, are using in the modeling proces> are detineo 

tnile other auxiliary structures are described in later section, The descriptive quahtam e^truc = l. 
and functional information of a bioEntity is kept in this invention separated trom the cont.gurable additional 
quantitative information that characterizes each HoReservo.r. allowing the Ret-b.oentity ot several 
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. bioReservoirs. representing populations of the same type of entity in different locations or points in time, to 
point to the same bioEntity to reduce the size of the Virtual Model. 

• Class bioPool 

- The class bioPool (Table 49) is a subclass of bionode-object and comprises several subclasses, such as 
sol-mol-pool, bound-mol-pool, ... , including those defined in Tables 50 and 51. A bioPool is defined with a 
characteristic icon with two sets of stubs of two classes of connections: a set of p-connection stubs at the top or 
the icon, and a set of r-connection stubs the bottom of the icon. As described above, each p-connection stub (716) 
is to be connected (717) to a biopool-p-post (712) and each r-connection stub (718) is to be connected (719) to a 
biopool-r-post (704) on the subworkspace of the bioReservoir, which allow to establish distant connections to 
a bioReactant and a bioProduct, respectively, and allow bidirectional flow of data and control between them. 
As shown in FIC.13, every instance of bioPool (1301) has an associated menu (1302), and selecting the "table" 
option (1303) displays its table of attributes (1304). Several of the attributes of a bioPool are variables or 
parameters, which include a density-related set and a concentration-related set, which values do not have to be 
set by the modeler (with the exception of the basal quantities, which are preferably set by the modeler if known, 
but they are not required, since they can be computed from the set values of other attributes of the bioReservoi r, 
or their default values), since they are inferred or simulated, as described under the Simulation Mode heading. 
The units of all the parameters and variables of all bioPools connected to the same bioProcess have to be 
appropriately matched. Newly defined attributes of bioPool comprise: 

- Basal-Density (1305) is given by a basal-density-par (1306). The subclass sol-mol-pool has additionally a 
Basal-Concentration (132 1 ) given by a basal-conc-par (1322). The values of either of these attributes may be 
set by the modeler to indicate: a) the normal physiological steady state density or concentration, or any other 
appropriated measured or assumed value, for physiological molecules or complexes, or b) 0.0 tor 
pharmacological or other molecules that are added to the system from an external envimnment. This value i> 
required for any bioReservoir that participates in a simulation, and if its default value has not been overridden 
by the user with a new value, the program sequentially pursues other sources of the Basal-Density value, as 
determined by a generic basal-den si ry -procedure which is called during the activation process of a Simula rion, 
only for those bioReservoirs that have been activated for a simulation; 

- Scaling-Density (1307) is given by a scaling-density-par (1308) which value is inferred by a procedure 
invoked at initialization, as discussed in more detail under the Simulation Mode heading. This value is used by 
simulation formulas to interconvert scaled values and absolute values. 

- Density-Entry (1309) is given by a density-enrry-pvar (1310). It takes the value of a user-input at a time, or 
different times interv als, during simulation as defined by the user in an input-panel, during the simulation set-up 
process. It has a default value of 0.0, and a new value may be inferred and set by a procedure called when the 
simulation is started, and, after the new inferred value has been propagated, it reverts back to the default value 
of 0.0. This value is an argument to the Accumulation, where it is summed to other inputs and outputs; 

- Scaled-Entry (1311) is given by a scaled-en try-pvar (1312), and it is the scaled equivalent of the 
Density-Entry, with its value set and used in a way similar to that described above; 

- Input-Rate (1313) is given by a input-rate-pvar (1314), which value is given by a simulation formula that sum> 
all the visually defined inputs, including: a) the current values of the Production-Rate of all the bioProducts 
connected to the biopool-p-posts of the bioPool, if any; and b) the input modeled by means of a model-block 
contained in any connected input-model-box (or scaled-input-model-box), if any; 

- Output-Rate (1315) is similarly given by a output- rate-pvar, which value is given by a simulation formula that 
sums all the visually defined outputs, including: a) the current values of the Consumption-Rate of the consuming 
bioReactants connected to the biopool-r-posts of the bioPool, if any; and b) the output modeled bv means or a 
model-block contained in any connected output-model-box, if anv; 

- Accumulation (1316) is given by an accumulation-pvar, a time variant and continuous state variable which 
represents a quantity in the classical systems dynamics sense which, given an initial value here set to be equal u> 
die basal-amount (or scaled-basal-amount), as discussed under the Simulation Mode heading, integrates the 
input-rate, the output-rate, the input entered by the user through an input-panel, if any, and the decay term, 
which is a function of the current value of the Concentration or Density as given by the decay-rate-tactor of the 
bioReservoir (a decay rate constant in sec A (-l)) which represents a variety of outputs not modeled visually or 
through a model-block, including die degradation and diffusion components). Since at steady-state the overall 
rate of output is equal to the overall rate of input, then, by definition, the Accumulation should appmach 0.0 in 

a closed system, in the absence of additional external disturbances, such as user-inputs or inputs modeled bv 
model-blocks. 

- Density (1317) is given by a density-pvar ( 1318) which value represents the number of molecules, complexes, or 
cells per liter, or any other unit of volume, such as the volume of the reaction mixture in a reactor. The subclass 
*>l-mol-pool has the additional attribute Concentration (1317) given by a scaling-density-par (1318), which 
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-clue in M (Molar) represents motes per liter. In the implementation used to illustrate this invention, 

.m" t,ons ooerateTv default based on the Dens,ty of the biol'oo.s .nvolved. In the case of sol-n^l where 

the quantities used bv scientists mav be most commonly given as Concentrations, the second set otconcentranon 

related variables is defined to facilitate user-input. but those quantities are preferably transformed.™ 

densitvrelated variables by the program, using Avogadro's number «,023e23 mo ecules per moll berore 

intention with other quantities. However, several other types of quantity could be used as well, with l.ttle 

c^ersic*stoo« 

of densities (such as X-units per Y-unit). The same concepts and the same type of formulas, rules *"d praaduM. 
appl v to others,uanh.ies. and a variety of units may also be allowed for entnes from the ™. « ^ 
sources bv providing lookup-tables or any other standard methods for automatic*!* convertmg any of those 
L» to the desired targe, unL Hence, the modeler has the option to design and define a system totally or 
partiallv based on a different quantity measurement, as long as proper care is taken to maintain cons.steno 
throughout the svstem. In those cases, the quantities entered by the modeler in the attribute slots ot the 
bioReWoir that refer to phvsiological levels would also have to reflect those different sets ot units. 
- Scaled-Amount (1319) is given bv a scaling-density-par (1320), which value represents an scaled. 

d mensiVX" alterna tiv. to Densitv. Concentration, or any other abso.u.e-valued quantity. This attnbute ,s 
diul. scaled reasoning.' which is the preferred method when dealing with biological systems^hen 

absolute quantitative data is incomplete, and much of the data available is from relative measurements. The 

tata I Amount can * conV erted into a Density, and viceversa. by ustng the value of the Scahng-Dens.ty ot me 

bioPoo). 

• Class bioPool-post 

* The class bioPool-post is a subclass of bioPost (Table 52) and has two subclasses: biopool-p-post (712). which 
is to be connected to an input connection at the top of a bioPool's icon, and its name is to be given to one 
E£n£c£.t to establish a7is.an, connection; and biopoo.-r-post (704. 708) which is to be connected to an 
output connection at the bottom of a bioPool's icon, and its name .s to be given to one b.oReactant-post to 
establish a distant connection. BioPool-posts are located upon the subworkspace ot a bio Reservoir and 
connected a bioPool, which function in combination with bioRole-posts .s to connect the bioPool to one or more 
bioEnitines. The additional attributes for this classes include: 

- Id is Simple text attribute used as a unique identifier, instead of the unique name, in some types ot proce«.ng, 
such as in the alternative simulation procedures described in that secnon; ,, %l . hirh 

- Ref-bioprocess is a pointer to the bioProcess instance that con.ams the bioProduct or b.oReactan, to « h ch 
the biopool-p-post or biopool-r-post. respectively, are distantly connected. The value » mteractrveU/ se, by 
selectingThe "set-refs" menu option of the biopioduct-post or bioReactant-post to which .t »d»landy 
connected;, and it is used by the program for interactive navigation through bioReservoirs and biol roces*,. a, 
described below. 

• Class model-bo* 

- As shown in FlC.ll a model-box ,s an iconic object located upon the subworkspace of a bioReservoir and 
£nn«.ed to it. bioPool. which function , to hold and connect the optional mode.-blockson ,,s 

«o the bioPool. The class model-box (Table 53) is a subclass o, bioTool and has three subdas^ each pla> ,ng a 
different role as their name indicate: scaled-input-model-box (1218). input-model-box (1236). and 
output-model-box (1237) . Model-boxes are interactively created by electing a menu opnon ot the dose* 
bioPoul. as descnbed below. An instance of model-block is connected manually to the connection -p< , 1-» 
whichcomeswiththesubworkspaceotamodel-box. The superior -nnecnonofs ^ 
defined bv the stub of the model-box that contains it. and theretore. the model-block (1222) connected to > 
Sv connected to the b.oPoo. to which the mode.-box ,1218) is ejected. The menu opnon* bM. or 
all subclasses of model-box are different, dependtng on the user mode When cUckmg or , a mode.-box (1 » .n 
anv o, the user modes bypass its menu (121V) and selects the "show-sw" opt.on (1220). wh.ch cause, ,t, 
subworkspace ( 1 221 ) to be displayed. 

j) BioProcesses 

• Class bioProces* 

. The class bioProcess (Table 54) is a subclass of bioView-Object, and comprises the subclass cell-bioProc*» A: 
!ht n n F Cs. 14 and 15. a bioProcess is an iconic object (1401 » which subworkspace , 407, contains 
compone^ that vnuallv represent the preconditions (bioReactants). the process engine (bioEngtnei and the 
eSSrcSucts, of a pmcess as connected object* with encapsu.a.ed variables and parameters that 
desenbe the process qualitative* and quantitatively. The subworkspace ot bioProcesses is 
allowing to control the amiability o, ,t> components by act.vatin* or deact.vating the subworkspace In the 
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current implementation those subworkspaces are activated with the general initialization procedures, as 
aescribed under the General Mode heading. The many different types of bioProcesses are all instances of that 
class or its subclass, and differ mainly in the iconic components upon their subworkspace. The different types 
are also visually distinguished by different colors for the type-color region of their icon, which is changed 
programmarically to be the same color as the color of the type-color region of the bioEngine they contain. 

A bioProcess has several operational functions and encapsulates several forms of knowledge. Each instance of 
bioProcess has a menu (1402)provides access to a variety of tasks to be discussed in sections below. Here we 
will define some of the components involved. The "table" option (1403) displays its table of attributes f 1404) 
which holds various attributes, some of which have values that are set by the modeler and provide information 
for the user, and others are auxiliary attributes hidden from modelers and users which values are set and used 
only by the program at run-time. Most attributes specific for this class have been previously described for other 
classes. Newly described attributes include: 

- Master-bioprocess (1405) is set by the program when copies of a named bioProcesses are made, such as those 
used in the creation of interactive pathway displays, and is used by the program to display the subworkspace of 
the bioProcess referred to by the value of this attribute, when the "master-details" menu option (visible only 
when the attribute has a non-default value) is selected by the user. This attribute is not visible to the modeler or 
other users. 

- The "details" option (1406) displays the subworkspace (1407) with all its visual components. In addition to 
other auxiliary structures to be discussed below, the main components comprise a single bioEngine (1501) 
which represents the interactions between the inputs represented by the bioReactants (1408 and 1419) where 
the bioProduct(s) (1518) are generated. 

- As described below (FIG .32), a eel I -bioProcess may contain bioReactants and bioProduct that represent pools 
of cells, in addition to containing bioReactants and bioProduct that represent pools of chemicals. So it is 
possible to have bioProcesses where molecules interact with molecules, as well as cell-bio Processes where 
molecules (3205) interact with cells (3204), or cells interact with cells. In addition, there may be a pool of pairs 
of interacting-cells as a result of cells interacting of cells (not shown). Other type of bioProcesses represent 
translocation processes between location compartments, where the bioReactant represents a fraction of a given 
bioPool in a given compartment which is removed from that bioPool and transferred, with a time-lag if so 
desired, to the target bioPool which is connected to the bioProduct, and which represents a different pool the 
same entity in a different compartment. Additional types of bioProcesses represent transfer of cells from a 
bioPool representing one state of those cells to another bioPool representing a different state of those cells. 
Each of these types of bioProcesses contain the appropriate subclasses on bioEngines. There are many other 
types of bioProcesses defined in this invention and, in addition to those examples already mentioned, some 
others are discussed with the rmtdeling approaches below. Many more types of processes can be represented by- 
composing additional types of bioProcesses by a modeler skilled in the art. 

• Class bioEngine 

- The class bioEngine (Table 56) is a subclass of bionode-object and comprises a hierarchy of subclasses. A fe\x 
examples of which incremental definitions a re shown in Tables 56 through 58, such as: amplifier-bioenione. 
binding-btoengine, lumped-bioengine and cell-bioEngine. Each bioEngine s icon has a number of stubs of 
different types of r-connections at the top, to be connected only to bioReactants, and a number of stubs of 
p-connections at the bottom, to be connected only to bioProducts. The number and class of defined specific 
r-connechons specify the different classes of bioReactants to be connected, such as enzyme.r, substrate.r, 
inhibitory receptorr, agonist.r, antagonist or unit.r. The bioEngines of the class lumped-bioengine, including 
those with two or more enzymes, represent lumped models of a two or more reactions in series, and are used to 
model stretches of pathways which detail is either not desired or not known, and only the rate limiting 
reactions are represented. 

- The major subclasses of bioEngine (Table 55) are arranged according to the type of reaction or process they 
represent, indicated by their names. The next level of classes usually refers to the type of activity of the members 
of the class and is usually characterized by the class of the variable that defines its Velocity attribute. Further 
subclasses of each of those classes are defined according to the number and type of their defined stubs, which in 
rum determines the number and classes of connected bioReactants, and further by color coding the icons to show 
further specialization, such as using different type-color for different types of enzymes, such as protein- kinases, 
protein phosphatases, and so on. Further differentiation between particular instances can be generated by 
selecting as the value of their Velocity attribute an instance of different subclasses of velocity-pvar. The 
nomenclature used for each subclass refers to the defined bioReactants, such as: 

- bioengine.El 52.1 I.Em is an en/yme-bioengine that represents an enzymatic reaction and which icon has at the 
top four stubs: one for the enzyme.r. two for substratel .r and substrate2.r. and one for an inhibitor.r. 
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• bioenjine.Rl.L1.Anl .Rm is a receptor-bioengine which icon has at the top three stubs: one for the receptor,. 
. *»< represent an educed conformanona, chan.e 

P rr^ icon hasa, the top three stubs: one tor modifier,. 

- bioeneine UlCFm is a complex-tormation-bioengine that represents the formation ot a complex from tuo 
preSy independent bioEntities (which may themselves be complexes) and which icon has a, the top two 
stubs: one for unitl t and one for unit2.r; ^a^^m ^ 

- b oe,g,ne.Cl.Ml.CDm is a complex^iissoc-bioengine that represents 

a mediator into two or more independent bioEntities (which may themselves be complexes, and w h.ch ,con ha> 
ihp too two stubs for complex.r and mediator.r. 
. bllg'nexhl Oil 11 ..Cm is a'channel-bioengine which icon has a, the top three stubs: one tor channel,, one tor 
ion-lnput.r, and one for antagonist,; 

- bioengine.a.lnl.Tm is a translocation-bioengine that represents a translocation between d.tterent 
compartments and which icon has at the top two stubs: one for earner, and one for input,; 

* As shown in FIC.l?. a bioEngine (1501) is located upon the subworkspace of a bioProcess that represents the 
acti > oi anv process, such afsvnthesis. modification, complex-formahon. translocanon diffusion, degradation, 
andTon \L.ing the "table" option (1503) faun the menu (1502) ot a bioEngine (1501) displays ,ts table o, 
attributes (1504). in this case with the default values. Newly defined attributes not prev iously descr.bed 

v'l^I q«« 's an attribute specific for each subclass which value is an instance of any of the subclasses ot 
' I Sr de^rini ab,>ve. whSor the receptor-b.oengine shown ,s a binding-rate-pvar (1506). The value, 
u,r th.s dependent variable are provided by genenc simulation formulas that model the rate o, the interacts 
of the bioReactants connected to the bioEngine. Its arguments may be the Contributions ot each of its 
b oRlactants. when using the scaled set of vanables and formulas, or the bioReactant s kmenc-coemoents and 
the Densities, Concentrates or other quantities of the bioPools connected to the bioEngine through he 
WoReactants. Its output is an argument for the Consumption-Rate and Production-Rate ot Reconnected 
bioReactants and bioProducts, respectively. Therefore, this attribute may take as arguments eMher a set of 
*aied valued variables and/or parameters, in which this attribute would be also scaled-valued or a set ot 
absolute-valued variables and/or parameters, in which this attribute would be also absolute-valued. 

. R^mlant-sec (1507) is a simple float attribute which value may optionally be set by the ™xithrr to 
prov.de the ra,e<ons.an. in seconds for the overall process. This value is used, in cornbinanon w,* the 
Contribution, bv the set of generic simulation formulas that use the scaled set ot vanables. which .> current!) 
the default mode of operation. Thedefault value is used if munher value is set by the mcxleler 

- Tau-coeff (1 TO .< bv default a s.mple float attribute which value may optionally be set by the modeler to 
modifv the rate<ons.an,-sec bv such factor, allowing for testing the effects of a modification or such parameter 
on the emulation «1 the svstem without having to change the value of such parameter which ™Y h ^ n 
obtained experimentally.' This value is incorporated by default in the genenc formulas prov.ded, and no. 
configured bv the imKieter.mu^ A .. . 

- S3S is a simple float attribute which va.ue may opt, onal.y be se, by the mode.er to modify by a cons.an, 
amount me rate<ons.an.-sec. for testing purposes, without having to change the value ot the later attnbut. 
This value ,s incorporated by default in the generic formulas provded. and ,t no, contoured by the modeler, 
addinu its default value of 0.0 has no effect on the system. .... . 

- TutSag (1510) is an optional nme-interva. attribute that may be useful for certam .nstances 

whTch value, given bv a rirmKielay.par (1511 ). is optionally set by the modeler to uidicate the penod o. ..me b> 

h hh?fonvardingofthecompu«edou,pu,ofmeVelocityofab,oEngi .t represents a nme 

debv equivalent hi holding an amount from a bioPool for the specified penod ot hme. which •* returned a « er 
^ hm^has eUo^d An example of its use is when a bioReactan, and a bioProduct of this process are both 
c^nnec^o^ 

. Z aTtriCe may also be modified a, run t.me. as a result of dynamic events ™«^-r other pn,ce„e, 
and mav be simulated or inferred by means of modeler«ietined formulas rules, or P^™* 

- vH (1M">) and Temperature (1516) are optional float attributes which values are given by a ph-par flM.M 
Ld te^peTa J^r and which, as their name indicate, represent the environmental conditions under wh.ch 
^^SSTJL. The values of these parameters may vary at run time, as a result o. dy^am.c events 
S^s oTl" pnxes.es. and may be s,mu.a,ed or inferred by means o, modeler-dermed formula, rule, 

- pH^vtrri-factor .15141 and Temp-devia.ion-lac.or ,1517, are optional float attr.bu.es which values 
a P "g,ve^ W ' ,h FH " 
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temperature", respectively, and represent a correction factor that either accelerates or deaccelerates the 
process wnen the values of either the pH or the temperature dev iates from their defined default values. If used, 
the values of these parameters may remain constant or may van' for different values of the pH or temperature, as 
defined by a tabular function similar to a look-up table. 

• Class bioRole-Object 

- The class bioRole-Object (Table 59) is a subclass of bioObject, and has two subclasses: bioReactant and 
bioProduct. A bioRole-Object is an iconic object that represents the role that units from a bioPool plays in a 
bioProcess, either as a different types of bioReactants, such as: enzyme.r, substrate.r, inhibitor.r, subunit.r, 
receptor.r, agonist.r, antagonist. r, carrier.r, and so on, each representing the specific roles of the inputs that 
different bioReactants provide to the bioEngine, or as a bioProduct. 

- As shown in FIC.14, a bioReactant (1 408 and 1419), is connected by an input r-connection at the top of a 
bioEngine, and represents the material contribution from a bioPool to the bioEngine to which it is connected. To 
be operational, the bioReactant-post connected to a bioReactant must have the same name as one of the 
bioPool-r-posts connected at the bottom of a bioPool. The two bioReactants shown are representative examples 
of a pair of two interacting molecules or complexes with complementary roles or functions: a receptor and its 
ligand. As described earlier, may other combinations of two, three or any other number of interacting 
participants are possible, to represent other types of processes, such as combinations of enzyme and 
substrate(s), units that form a complex, and so on. These combinations may also include antagonists or 
inhibitors, which may alternatively be represented as competing in a separate process, the latter being the 
preferred alternative in the default implementation using the scaled set of variables and simulation formulas. 

* The class bioReactant (Table 61) comprises a hierarchy of subclasses, such as: amplifier-bioreactant. 
source-bioreactant, leading-bioreactant, binding-bioreactant, inhibitor-bioreactant, single-bioreactant, 
cellReactant, cell-receptor, extracell-ligand, and their subclasses. A few examples of their incremental 
definitions are shown in Tables 61 through 64. There are several attributes common to all subclasses of 
bioReactant, while each subclass has one or two specific attributes. Every bioReactant (1408 or 1419) has it* 
menu (1409 or 1420), and selecting its "table" option (1410 or 1421) displays its table of attributes (141 1 or 
1422), in this case showing the default values for their attributes. New and not previously described attributes 
specific tor any of the subclases include: 

- Stoichiometric<oef f (1 412) is a simple float attribute of all subclasses of bioReactant and bioProduct which 
constant value represents the characteristic stoichiometric coefficient of that participant in that particular 
bioProcess. In other words, the set of the stoichiometric-coeff of all bioReactants and bioProducts of a 
particular bioProcess indicates the relationship between the number of units of each bioProduct produced per 
number of units of each bioReactant; 

- Alpha-coeff (1413) is a simple float attribute which value may optionally be set by the modeler to modify by a 
factor the Contribution, which value is computed by the program. This is of interest for testing the effects of a 
global modification of such variable on the simulation of the system. This value is incorporated by default in 
the generic formulas provided, and if not configured by the modeler, multiplying by its default value of 1 .0 has no 
effect on the system. Alternatively, the modeler may delete the alpha<oeff-par and provide instead a simple rloat 
value 

- Contribution (1414) is an attribute of every subclass bioReactant which value is given by a contribution-pvar 
(1415), which value is dynamically computed whilea simulation is running. The meaning and use of this 
attribute is a novel teaching of this invention, designed to meet some of the challenges posed by the domain of this 
invention, where both qualitative and quantitative knowledge is frequently scattered and incomplete. This 
attribute represents, as its name indicates, the Contribution of each bioReactant to determining the overall rate 
of the transformation that the bioProcess, as represented by the Velocity of its bioEngine. the contribunon is a 
variable that can take values from 0.00 to 1.00, and represents a dimensionless scaled concentration (or other 
equivalent quantity variable). The scaling of the concentration is done at the bioReactant level, rather than at 
the bioPool level, to allow for additional flexibility, in this way, the absolute concentration can be scaled 
differently for each bioEngine, centering around the specific constant that characterized the molecular 
interactions between each specific pair of bioReactants. The type of constant may be different for different 
bioReactants representing the same BioPool depending on the role played by each bioEntity in a given 
bioEngine, such as a Km for each substrate, the Ki for an inhibitor, the Ks for ligands or complex-subunits. The 
default values for all typeset contribution are equal to: a) 0.5 for normal steady-state physiological conditions 
(for that particular compartment); b) 0.0 for bioPools of inducible proteins or non-physiological molecules; or 
c)l for constitutive and repressible proteins. The user can either directly override a relative value or leave the 
default values. A generic formula specific for each of the bioReactant classes determines how the value or each 
contribution class is computed. 
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- Consumption-Rate (1416) is an attribute of even' subclass of bioReacunt which value is given by a 
£S consum-rate-pvar (1 417), which value is dynamically computed while a s,mulation ,s nn^nd 
fnd^the rate of consumption of units of the connected bioPool in such bioProcess. Its arguments .re the 
bioReactants stoichiometric-coeff and the Velocity of the bioEngine. and .ts value .. an argument tor the 
52 -Rate of the connected bioPool. For those classes of bioReactants that are not consumed m a reaction, the 
Si f*is attribute rema.nsO.O. ,n this invenuon. an enzy™, or an ^"^^Z^ 

in the enzvme-processes. However, thev may be retained, by modeling them with a hnuKtalay* ar w th . 
^ formula. Note that the connected bioReservoir may be configured for the quantity of ft. bioPcxil to 
decay dynamically, representing their degradation and diffusion components, and it also may be consumed ,n 

- 25 Jdve-'bindi^sites (1 418) is a simple float attribute of the subclasses of bioReac.ant that refers to 
molecules or complexes that have binding achvity, such as all the subclasses of ampl.f.er-bioreac.ant and 
-.eadirig-bioreactant, and its value is set by the modeler to indicate the number ot eUect.ve bmding sites per un.r. 

♦ Kinetic-parameters are bv default simple float attributes specific for some subclasses of bioReactams wh.ch 
values are optionally se, bv the modeler to indicate the value of the kinet.c parameter charac.enst,c for d»i 
panLar instance. A set of two attributes is provided for each of such subclasses^* to hold the absolute 
value and the other to hold a scaled value of such kinetic parameter, which are used by the se, or *»h* 
genenc simulation formulas used ,n conjunction with the absolute-valued vanables. or by .recurrently de.aul, 
l,™Lc simulate formulas used in conjunction with the scaled-valued vanables. respective.^ 
tltl^velv'in cases where the value the KineticparameUrs are by default simple float attnbu.es specific 
fol^me subclasses of bioReactants. which values are optionally se, by the modeler to »«^ *• JJUh, o the 
kinetic parameter characteristic for that particular instance. A set of two attnbu.es » provided tor each or 
such suSlasses. one to hold the absolute value and the other to hold a scaled value o, such kinetic parameter, 
which are used bv the set of absolute generic simulation formulas used in conjunction with the absolute-valued 
variables or bv the currently default set of scaled generic simulation formulas used .n con,unct.on with the 
scaled-valued'variables. respectively. Alternatively, in cases where the value the kinetic-parameter is 
Hme-variant and dependent on other variable values, the modeler may choose tor uid.vidual bioReactams to 
aeL for that a«rLe an instance of kinetic-parameter-var (Table 13), in which case the modeler hasto det.ne 
the specific simulation formula to provide the value for ,ha, particular instance, as previously described 

- E™i!ibrium-dissocia.ion^onsun. (1423) and Scaled-equi.-dissock (1424) are simple float « 
.he subclasses of binding-bioreacunt (Table 98) which value .s opuonally set by the modeler to indicate the 
absolute or a scaled value, respectively, of the Ks characteristic of that agonist or complex-subumt; 

. Catalvtic-constant and Scaled-catalylick (no, shown) are simple float attributes ot the subc asses o, enzyme.r 
(Table ««) which value is optionally set by the modeler to indicate the absolute or a scaled value, respect.velv . 
of the characteristic kp of that enzyme (where kp is the equivalent of the units ot activity per ca.alyt.c center, or 

- j^ri^t^ S«.ed.mKha..i».k (not shown, are simple floa, attnbu.es of the subc lass ^bstra.e, 
(Table %, which value is optionally set by the modeler to ind.ca.e ,he absolu.e or a scaled value. re>pecm eh 
or the Km charac.eristic of ,hat substrate (where Km is the dynam.c constan. equivalent to .he 
concentranon tha, yields half-maximal velocity, or Km = ( k, + k F > / ki. used when the b,oEng,ne ,s .reared 
under steadv-s.ate conditions, which ,he preferred treatment ,n th.s invention ,. Th.s attribute may opNona.lv 
be considered to represent the Ks ( where Ks represents the ,ntnn»ic d.ssoc.anon-constant. or Ks = |E|l - 1/ t- 1 
-ki/ki(M) = l/ Keq mav be used when the system modeled is under rapid equ.l.bnum cond.uons w h.ch 
usually not required because of the dynamic nature of the simulation system of th.s invention), which may be 
uled !n a formula ,n conjunction with the cata.yti~ons«an, or scaled-cata.yhc.k. respectively, o, rhe mterac,^ 

- Sion^onsunt and ScaUd.inhibition.k (no. shown) are s.mple floa. attribu.es of .he subclass*, . », 
l nhib„o,b,orenc«ant (Table 991 which value is optionally se. by rhe modeler to indicate rhe absqu e o 
<aled value respectively, of the Ki characteristic^ tha. mhib.ror or antagonist (where the ractor (W |I|/K.. 
may be considers an independent stahstical factor describing rhe distribute of enzyme between .he E and 
□ forms). 

- The class bioProduc. (Table W) has the subclass cell-biol'roduc. As shown in FIC.1S. a biol'roduc. (IMS, „ 
coritedto an outpu. r <onnec„on a, the bottom of a bioEngtne. and represents the material contribution rrom 

bioProduc. mus. have .he same name as one of .he bioPool-p-posr, connecred a. .he top or a b.oPool. E ep 
„s ancTof bioProduc. H?1S> has ... menu ,1519). and select ".able" (1?20, displays i.s table a. a..nbu.„ 
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1521), which in this case shows the default values for its attributes. Not previously described attributes 
roecuic or this class include: 

- "Production-Rate" (1522) is given by a produc-rate-pvar (1523), which value indicates the rate of production 
of the units that will be added to the connected bioPooI. which is dependent on the bioProduct's 
Stoichiometric-coeff and the Velocity of the bioEngine, and is an argument for the Input-rate of the connected 
bioPool. 

• Class bioRole-post 

- In this invention, any reference to a bioRole-post means a bioPost to be located upon the subworkspace of a 
bioProcess which function is to connect a bioRole-Object to a bioPool through a bioPool-post. The class 
bioRole-post (Table 65) is a subclass of bioPost, from which it inherits all its capabilities, and has two 
subclasses: bioReactant-post (703 or 707), which together with a biopool-r-post (704 or 708) distantly 
connects a bioReactant to a bioPool; and bioProduct-post (711), which together with a biopool-p-post (712) 
distantly connects a bioProduct to a bioPool. The new attribute defined for these classes is: 

- "ref-bioreservoir" is a pointer to the bioReservoir instance that contains the biopool-r-post or biopool-p-post 
to which it is distantly connected. The value is interactively set by selecting the "set-refs" menu option, and it is 
used by the program for interactive navigation through bioReservoirs and bioProcesses, as described below. 

k) BioModels 

• In this invention, any reference to a bioMode) means an iconic knowledge structure which, depending of the 
subclass; encapsulates in its subworkspace a set of interrelated composite bioObjects, such as bioReservoirs. 
bioProcesses or other bioModels. DioModels are used to partitioned the Virtual Model into a modular 
hierarchy of subworkspaces of bioModels, and can be also described as subsystems or fragments of a brger 
network of pathways, which can be reused as modules of desired degrees of complexity to be combined in a 
variety of ways to build larger and diverse systems. BioModels are objects represented by icons, and the 
constants, parameters, and variables that model the system are distributed throughout their component building 
blocks, which function as distributed parallel processors. The dynamic aspect of a bioModel is determined by a 
system of algebraic and differential equations that provide the values for the encapsulated dependent and state 
variables. DioModels represent empirical biological models derived from experimental descriptive information 
and semi-quantitative or quantitative data. Very complex bioModels can be build by connecting component 
parts of an unlimited number of other bioModels by means of connection-posts. The icon of some bioModels, 
such as sequential time-compartments, may contain stubs to allow connection to other bioModei*. 

• The class bioModel (Table 66) is a subclass of bioView-Object and have no additional defined specific 
attributes, but inherit the attributes "names", "label", description", references", "warnings", and 
"toggle-state". It comprises various subclasses (only some examples of which are listed in Tables 66 through 
73) which represent any physiological system at different levels of structural complexity, such as organ, tissue, 
cell-interaction, cell, or subcellular organelle, or any other intermediate compartment within those 
compartments, such as: submodel, bioReservoir-Bin, and On-Hold-Bin. A submodel schematically represents a 
portion of any size of the network of pathways of a larger structure, such as a cell -bioModel. The 
subworkspace 11831) of a submodel contains a set of related bioProcesses and also a bioReservoir-Bin (1831 >, 
which in turn contains a set of related bioReservoirs connected to those bioProcesses. However, the 
bioReactants and bioProducts of any bioProcess that is a component of a bioModel may be connected to 
bioPosts or bioReservoirs that may be located in the same or in other bioModels. As the submodel becomes 
larger, it may be broken down into smaller submodels by simply cloning a new submodel and transferring to it? 
subworkspace the desired bioProcesses and to the subworkspace of its bioReservoir-bin the corresponding 
bioReservoirs. The connectivity of the pathways is transparent to movements of bioObjects from one bioModel 
to another, since they are directly connected among them through the structures upon the subworkspaces or 
bioReservoirs and bioProcesses. 

• This architecture results in a hierarchy of bioModels encapsulated within other bioModels, which ultimately 
encapsulate bioProcesses and bioReservoirs, which in rum encapsulate bioReactants, bioEngines and 
bioProducts, or bioPools, respectively. Although this topology may appear complex, at run-time each of the 
variables depend on the variables of only those bioObjects directly connected, and therefore the system operate- 
as a set of processors concurrently computing in parallel. The distant connections between bioProcesses and 
bioReservoirs, established through the bioPosts anywhere in the knowledge-base, interconnect the different 
bioModels into a dynamic multidimensional network of any unlimited complexity. This architecture facilitates 
the implementation of feedback and forward loops, interactions between components of different pathway*, 
elements that are shared by different pathways, and connections between segments of pathways that are built as 
separate reusable modules. When one bioPool participates in teed back-loops in two or more pathways, thi> 
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bioPool may be able to 'switch' from one pathway to the other at a given point, as a result of continuously 
varying functions, such as different velocities or diffusion rates. 

The class On-Hold-Bin is characterized by luring an activatable-subworkjace, which is usually mainta.ned 
deactivated. The instances of On-Hold-Bin are used to store within a submodel (not shown) b.oReserv o,r> 
and/or bioProcesses that are either substitutions for the bioReservoirs and/or b,oProcesses contained ,n such 
submodel, or additional bioReservoirs and/or bioProcesses to extend the pathway represented by such 
submodel, which are appropriately connected, but which the user wants to exclude from a simulanon or other 
uses. Bv having the subworkspace deactivated, all those structures a» ignored by the mterence engme nd the 
simulator. The user mav have those structures included or excluded from a simulate or other 
described under the Modeler-Mode heading. The table of attributes (2309) of each mstance o, an On-Hold-Bin 
allows to store and access additional information. All instances of On-Hold-Bin have e,ther one ot two 
alternative menu options: a) if the subworkspace of the On-Hold-Bin is activated then the deact.vate-sw _ „ 
available, which upon selection by the user deactivates such subworkspace; or b) ,t the subworkspace o the 
On-Hold-Bin is deactivated, then the "activate-sw" is available, which upon selects by the user act.va.es 
such subworkspace. 

. Some of those subclasses of bioModels. such as the sequential time<ompartments, can be independently 
actu ated and activated by the program during a simulation run. The efficiency of 
applications can also be significantly improved using that mechanism, by havmg whole branches ot 
that are no, relevant at some point in time deactivated and activated when requ.red. dnven by events generated 
as a result of the simulation itself, or at given time intervals. 

. The class cell-bioModel (2326. Table 68) is used to represent a cell as observed from the inside, that is as a 

the compartment hierarchy.^ bioReservoirs and bioProcesses are contained. Ce 1 l-bioModels are used tor 
modeling prototvpic cells of interest in a very detailed way through the.r functional struct™, components, 
which are constructed graphically thmugh the various levels of other encapsulated MNoModel that a 
cell-bioModel mav contain in its subworkspace. but which at the end contain variables and parameters that 
allow to quantitatively simulate those models, or more realistically, constrained submodels within the eel . 
which can be selec.ed'bv selecting any of the compartments a. any desired level. The hierarch.cal encapsulated 
allows no, onlv to display different levels of detail to focus only those parts of the system that are relevant to 
the user a, anv given time, but also allow to expand the model adding additional leve s ot detail whenever 
desired Each cell-bioModel or anv of its contained BioModels can be used as modules to bu.ld other 
bioModels with increasing degree of complexity. This modular and reusable building block structure g.ves the 
<vstem great flexibility and transparency, while allowing to build very complex cell-entitie,. 
. As shown in F1C.24, each cell-bioModel (2401) has a subworkspace (2402) upon which are presented the 
characteristic phases of the cel. cycle (2421). that follow a repeated cyclic pathway, or the ^^T^T 
a different stage (2428). or may go into apoptosis (2430). a terminal stage. The cell-phas^ (2318 through 2, ! 
are subclasses of the class cell-phase, the main defined subclass of the Cass hm.-compartm.n, (Tab.e 
but other types of compartmentalization are also possible by means or instances ot the class time-submodel 
P3o\ W 2426) Inatances of the class biomodel-post (2403. 2429). ant its assoc.ated I method (Table 
tt) aikm~to connect those cell-phases with another cells-phases upon other cell-bioModel. and to d.splay 

• STphase-compartment: in cell biology the CO-phase represents resting<ells. In this invention this 
compartment also represents the background processes of resting<ells. but ,n add.uon ,. also conta.n, all tho~ 
background bioProcLes that are not specific for any particular phase of thecel.-cyc.e or which cross., er the 
boundaries of several of those phases. This compartment is frequently the starting po.nt or a s.mu.at.on and u- 
bToTuols are usually modeled by the default "normal" steady-state values o, the vanables and parameters o, 

. Svpt^ompartmen. represents a state* cells after they have been activated by ^^^J ^ 
be further compartmentalized intotwoor more nme<ompartmen,s. ^^H^cle a> 

represents activated-cells or early-Cl -phase^ells which have recently entered the C1 -ph se ot the cell c> cle. a> 
characterized bv transcription of early-response genes, express,on or new receptors; wh.le the 
C1.2-<omparm,.nt or la.eO- P hase<ells. is characterized by transcription o, late-response genes or 
increased secretion of specific cytokines or other signaling factors unfh ^ iv 

. S-phase-compartment^presents the state of cells ,n S-phase. charactenzed by DN A synthesis. 

. G2<:"p,2.nt: represem cells in the C2-phase. characterized by double DN A content and be,ore enters 
mitosis; 

- M-compartment: represents cells in the M-phase. dunng the m.tor.c process: 
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• Di-compartment: represents cells entering a new differentiation stage, when a different set of activated 
-any- response and/ or late response genes induce permanent changes in the types of genes expressed. This 
layer is followed, depending on the combination and strength of signals provided by simulation events, by either 
the GO-phase-compartment, or both this and the Gl-phase-compaitment, of the next cell type in the 
differentiation pathway. 

- Ap-compartment: apoptohc cells, when cells in the CI. Mayer do not receive the appropriate signals to enter 
either the C2.2-Iayer or the Dl-layer. This is a terminal layer which only effect is to reduce the size of the total 
cell population. (Note that the total cell population size is increased at the transition after every M-layer, by an 
amount equal to the size of the population in that M-layer. The non-specifically -modeled overall cell death is 
represented by a decay parameter, set to fit the experimental data. 

- The default time-duration of each of these temporal layers is set according to experimentally obtained 

knowledge of such duration, under specified "normal" conditions. A layer-rate-constant, Xi, is constrained to 
values - I > ti > 1 and initially set to 0. When the effects of different combinations and strength of signals on the 
duration of any of the layers are measured, then the value of ti is adjusted to fit the target values of the 
experimental set -> tr = to(l+ ti ). 

• Each time-compartment (2404, 2423) encapsulates (2405, 2424) several spatial compartments that run in 
parallel to each other, and which represent the clearly defined subcellular compartments, called 
cell-Compartments (Table 67), such as the cell-membrane (2406), cytoplasm (2416), nudeus(241 7|, 
endoplasmic-reticulum(2418), Colgi app3ratus(2419), endosomes(2420), mitochondria, and so on. It also 
contains a timer (Table 69b, 2427) with an activation time attribute given by an elapsed-simulOtime-par, which 
can be used in the control of the deactivation of the subworkspace that contains it by inference methods based 
on such value. The connections between the time compartments belong to the class cyclt-path (Table 3S) and 
contain a number of parameters and variables to hold the values of the rate-constant and the progression rate, 
that can be used when developing quantitative models for simulation purposes. A number of other variables 
and parameters that describe among others: a) the size related attributes of the cells , and b) quantities related 
to population dynamics, such as those shown in F1C.3 (317 • 320), which are attributes of the cell-phases, are 
defined in Tables 3 through 1 1 . A collection of inference blocks (Table 23) may also be used to control the 
activation and deactivation of the time compartments, at intervals that are predefined or dynamically computed 
depending on simulated variables are also defined. Table 88 lists as an example a set of simulation formulas for 
state variables that can be used to compute the dynamic changes in cell numbers that are accumulation in each or 
the cell-phase, when using these graphic structures in combination with a population dynamics approach. 
Furthermore, Table 78 lists a set of rules that can be alternatively used to control the progression through those 
cell-phases, when using the mechanistic approach. As the reader may realized, there are a number of different 
alternatives, encapsulated within thi>se graphic building blocks, to model the complex systems at different lev els, 
as discussed in the modeling secnon. 

• FIC.24 shows the major states considered in the currently preferred embodiment of this invention, following the 
classical nomenclature and concepts generally accepted in the scientific community, the resting state is defined a* 
the Co phase. Each of the values of the "cell-phase" attribute of a cell-bioModel. indicates which or those 
phases is currently activated, if any in addition to the GO-phase. While at Go, if the cell is activated by a 
growth factor, antigen or any other activating stimulus, the cell enters the activated state or CI. from which it 
can follow to other phases of the cell cycle or the differentiating states, depending on the signals received. CI i« 
bounded by the progression signal or cell birth and the initiation of DNA replication, and characterized by 
sequential expression of additional genes, protein synthesis and cell growth. S is bounded by initiation and 
completion of DNA synthesis. C2 is bounded by the completion of DNA synthesis and the initiation of mitosis, 
and characterized by further cell growth and /or protein secretion. M is bounded by initiation of mitosis and 
completion of cell division, usually represent about 2% of the total. Although the cell cycle is a continuous one. 
it can be compartmentalized into functional cycle intervals whenever it is deemed useful to better represent the 
dynamic simulation of the system. As shown in FICs. 4, 28, and 29. there are switching points (406, 2803, and 
291 1) at early CI where the cell has to decide between the differentiation and the cyclic pathways resulting in a 
variety of different patterns that depend on both the internal stage of the cells and other components in the 
system, external to the cells. A typical pattern results in: a) cells in the resting stage, when the steady-state 
conditions are assumed, then after activation by specific external signals, switching through the cycling phases 
one or more cycles, or back to resting, then after activation by specific external signals during one of those 
stages, switching to one of the next nodes in the tree, committing themselves to that branch of the tree in the 
longitudinal pathway, then once at the new node they may go back to a) for a periixJ of time, in a resting staee 
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JU ring which the new steady-state conditions are assumed, or, if activated by specific external signals they may 
<o back to b) with the new steady-state conditions as the base-line. 
• Each of the cell-Compartments comprises a subworkspace (2407) which in turn may contain vanous submodel, 
(MM) Other local-submodels (2304) are also provided for other types of spatial companmental^ The 
ubv vorkspace (2409) of a submodel may contain other submodels (not shown), and submodels may a so coma.n 
bioPrccesL (2410) or bioReservoirs (not shown). In the current embodiment, the bioReservoirs (2414) are 
preferentially hidden in a bioReservoirs-bin (2306. 2412, Table 66 ) that belongs to that submode, 
. As shown in FIC.25. instances of the class c.U-interaction (Table 71, 2327. 2501) encapsulate ,n their 
subworkspace (2502) the interaction of two cells (2503 and 2504), that use the graph* 
extracellular<omponents (Table 72a) to interact with each other directly by me ™ *l urtaCe< °^ ne ™ . 
p £ and 2506); through the components that one secretes, secreted^omponents (2507). tor which the other ha, 
s'pectfic receptors, surtace<omponents (2508); and both interact with their environment through specific. 
Sp tors (S09) for svs,emic<omponents (2510). As shown in F1C.26 , each of those company have a table or 
attributes (2616. 2620, and 2633), referring to an specific bioEntities (2624), bioReservo.r (2626) and 
bioProcess (2628) within the cell-bioModel, and are connected to the .nternal the mechanic pathways^ 
Clickmg on those icons displavs their menus (2618) from which options, the user can select the d.splay ot the 
associated structures, as specified ,n the attributes. The different menu-oprions, and their associated procedures 
are listed in Tables 72c. d. and e). Tables 72b and flist funchons that allows the -^^^Ts^tUw 71 
establishing the distant connections to those graphic structures. The interacnng-cells (2503 and 2504. Table 71 ! 
S his nteLe do not contain a mechanistic mode, of its components, but rather reters to and d.splays ano*er 
cell-bioModel that store those mechanistic models. In this way, this structure is used as an .menace to des.gn 
interactions between other cell-bioModel. and new cells and other connections to b.ot rocesses or 
bioReservoirscan be establish. The external components, such as serum or incubation media or s.ngleor 
lumped toxicbvproducts. tor which there are specified or lumped receptors are represented by « 
bioR«*rvoirs, such as RPMI-Pool. serum-Pool, are connected to a bioProcess with a receptor-engine that has at 
least one bioProduct connected with one of the bioReservoirs w.thin the cell. The funcnon ot the bioEngme .s t, 
compute the consumption an exhaustion of nutrients at a rate proportional to u. the specific growth rate. The 
byproduct-Pool's concentration is used in turn to modify the value of u by mulriplymg it by a parameter 0<m<l 
. Cells are represented in this invention in two different ways: as the class cell-bioModel composed of 
cell-CompaVtments, as described above, and as the class cell used to represent a cell as observ ed tmm the outs.de 
and including anv defined, mostlv externa), characteristic markers, as shown in FIC. 2*. tha, can be used to 
ass.gning that cell to one tvpe of cells and to distinguish it from cells of other types. The instances ot class cell, 
with sets of stubs on the top and bottom of their icons, are used to classify cells according to a branching 
differentiation tree, as shown in FIC. 21, to define the many nuances between them that d tterentiate them trom 
each other, particularly when following the almost continuous differentiation process. As an exampW*. a 
ThMvmphocvte .s shown in FIC3. An instance of cell may correspond to an instance ot cell-b.oMode but ,. 
,s expected that there are manv more intermediary stages represented by the lighter cells, which represent the 
muchlower level of detail most frequently available. QioReservo,,* representing cell population* may reier ,n 
their Ref-bioenhtv attribute to a named instance of cell. One of the menu options tor this class ,s biomodel 
which upon selection displavs the subworkspace of the bioModel referred to by one ot its atrnbutes. 
Ref-biomodel. if anv, and that option is only visible when such attnbute has a value. The class 
diff.ren.iati.n.pa.hw,v (2335, 2701, Table 73) provide structures that allow the modeler to manually bu.ld 
differentiation trees, such as the one shown in F1C.25. which are based on expert -knosvledge to "F"™"h* 
sequential progress from one stage of differentiation to the next. The ditterent stages through * h,ch a cell 
^eage goes though ,s a conhnuous process, which can be simplified with the representanon used m th,»> ^ 
consist** of discrete stages mat represent different stages of differentiation, detined by characterise and 
measurable phenotvpe, that follow a tree like longitudinal pathways The cells ,n those pathways are or the 
class cell (2W2. 2705^ thev contain further encapsulated detail, as shown ,n F\C2>. A cell conu,n> 
mformanon in a table of attributes (2605. and also encapsulated in its subworkspace where .he d.rferen ,con> 
2 a cell-surtace (2608). s.nce this is a representation of the cells f nm, the outside, and a se, o. components that 
» refer a display characteristic markers and receptors that allow them to interact tc . the ou.mo* 
world, such as the subclasses or extracellular<omponen,s ( Table 72,). the subcomponents (26K. 
secreted-componenrs (261 7,, and system,c<omponents .2612) in their environment to which they respond 

n Inference and Simulation Structures 
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. Functions are statements wh.ch define a sequence of operates that are performed when the f unction 
and arguments appear as part of an acme expression. The rabubr-runction^ne-argumen,. a c.a„ derm*. 
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within the Shell has an important use in the domain of this invention. It allows to deal with situations when 
the algebraic relationship between two variables is not known, but the experimental data is available, and 
straight-line interpolation is optional. Tabular functions can also be used in other expressions, such as the 
rule: if the (Product] (([Substrate! |) decreases then inform the operator that "(Substrate*! ) may be inhibitory at 
high concentrations". 

• Relations are defined associations between two items which can be dynamically concluded and reasoned about, 
and in the current implementation of this invention, they represent physical and abstract relationships benveen 
objects, such as a-downstream-bioReservoir-of, me-downstream-BR-list-of. After being denned by the 
developer, relations are established transiently at run-time by the inference engine. The dynamic reasoning used 
for query, navigation, and simulation depend heavily in the use of relations, in addition to the graphical 
connections. Physical and abstract relationships between two objects may be represented through relations 
which, after being defined by the developer, may be dynamically and transiently created at run-time by the 
inference engine. The existence of relations can be concluded and reasoned about, and the existing relations for 
a particular object can be also be listed using the "describe'' option. Most of the relations are created during the 
initialization set of procedures, while others are created at run-time by the sets of procedures used during 
query, navigation, and simulation. The creation or breaking of relations are treated as events that are forward 
chained to rules that refer to the relations in their antecedent. Relation definitions are shown in Table 75 . 

• Domain-specific rules are used to conclude or to respond to the changing conditions in the world defined by the 
domain-specific knowledge structures. In the current embodiment, a rule has, in addition to its body that 
encodes the rule itself, a set of attributes that can be configured to establish its mode of operation and to define 
its restrictions, such as: whether it can be invoked by forward chaining and backward chaining, whether it may 
cause data seeking or forward chaining, focal classes and focal objects, priority, and its scan interval. Different 
types of rules may lack some of those capabilities. For example: a) whenever rules have no focal objects or 
classes, and cannot be invoked by forward or backward chaining, being only event driven. One such event may 
be the a relation being established or broken. Other such event may be moving the icon by the user, which is 
frequently used in this application to either trigger the automatic configuration of the value of some attribute, or 
the appearance of the icons, or the position of the icons; and c) initially rules are first and only invoked when a 
knowledge-base is started, or when a subworkspace is activated. Therefore, the situations to which those 
rules applied, and the conditions under which they can be invoked, can be very much constrained by the generic 
and specific sets of options and attributes of each particular instance. 

• Formulas in this system can be defined as expressions that define the relationships of a variable or parameter to 
other variables or parameters, in a way that when one variable or parameter changes the formula predetermines 
in which way other variables or parameters will be changed, either by the inference engine, in the case of 
general formulas, or by the simulator, in the case of simulation formulas. Generic simulation and general 
formulas are created as statements on workspaces and provide values for a whole class or group of 

bio Variables or bioPara meters, in contrast with the specific simulation and general formulas, which are 
attached to the definition of one variable and apply only to that variable. The definitions of generic simulation 
formula for sets of scaled-valued variablesfTables 83 and 84), mixed-type variables and absolute-valued 
variables* Table 86) will be discussed under the Simulation Mode heading. 

2. Modeler Mode: Creating the Virtual Models 

a ) Menus. Palettes and Libraries 

• The Modeler Mode is made available only to those users who have rights to build or modify the applications, in 
which case it is the default mode when the application is started. The modeler's tasks are all based on the basic 
paradigm of "Clone, Connect, Configure and Initialize", and consist of building and configuring graphical 
models of the structure of bioEntities, as well as to design and build graphical models of complex networks of 
cross-talking pathways, which result from the modeler's actions of cloning, connecting and configuring sets or 
bioProcesses. bioReservoirs, and bioEntities. To facilitate the modeler's tasks, the Modeler-Menu provides a 
way to organize and access the different components of the system. 

• F!C.!6 shows the domain-menus associated with this mode in this invention, which are shown here acain in 
an overly expanded (pulled-down) way, for demonstrate purposes. Selecting the "Help & Mixie Menus" 
option (1601) allows access to the available user modes, which upon selection causes a change to that mode of 
operation and displays the specific domain-menus associated with that user mode, only for the window from 
which it is selected. Selecting Modeler Mode (1602) displays the contracted top layer of menu heads shown in 
the lower menu display, which additionally comprise the options "Palettes", "Structure Libraries", and 
"Pathway Libraries", which allow to access parts of the Virtual Models by selecting the desired options trom 
tlie menu, which usually requires navigating through a hierarchy or walking menus. The following discu.vion 
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, r .his menu svstem also serves «he purpose of discussing how the bu.ldmg^ocks M^M^ a " d 
tow theiconic models build bv the modeler areorganized and stored in Libraries. Thed.ff«*nce l^een 
Palettes and Libraries is that Palettes contain domain-specific and generic building-blocks bu.lt by the 
developer and to be used bv the modeler, while Libraries contain appUcation-specitic mode s built by the 
modeleVand to be used bv different tvpes of users. Palettes are provided to allow the modeler to qu,ckly create 
new instances from prebuilt generic bioEnnties, bioReservoirs or bioProcesses. or anyof the.r components, 
which comes with their corresponding default or no values, to be then configured by ed.ttng their tables of 
attributes. A facility is provided, called the Modeler-Palettes-Bin. with a button to automaucally create new 
empty Palettes to be' populated by modelers, to allow them to expand and complement the bu.lt-m hbrary ot 
Uuilding-blocks to satisfy their more specific needs. 
. The Palettes provide a large number of characteristic types of bioObjects. grouped by subclasses and organized 
in special subworkspaces of named go-to-sw buttons organized in the subworkspaces of another go-uvsw 
named "Palettes-Bin". Palettes are accessible through the domain-menus, and because of the.r defined 
user-restrictions, selection of anv bioObject upon a Palette in Modeler Mode implies clone, which automatically 
results in a clone of such bioObject (including its subworkspace and all structures upon it, and all the further 
levelsof encapsulation contained in their subworkspaces) to be attached to the mouse-pointer and ready tor the 
modeler to transfer it to the desired subworkspace. Selecting "Palettes" (1603) pulls down ,ts opnons. which 
mav point directlv to the palettes of important classes of bioObjects and also such »* 1604 

points* 2001. 1606 points to 2101, 1608 points to 1901, and 1616 points to 2301. In the caseot classes w.th 
Urge number of building-blocks. those may be grouped further in a number of palettes that can be accessed 
through walking menus, such as when selecting "Molecules" (1610) displays an addi.iona pull-down menu 
headed bv "Molecules" (1612). which options may now point directly to Palettes. Examples are shown m 
F1C 17 such as when selecting "Protein Components" (1614), the options of me walking menu generated lead, 
among others, to "Protein Domains" (1701), "Protein Motifs" (1706), and "Simple bioEntities (1711 ). 
• Libraries comprise among others two types: 

- Structure Libraries, are hierarchically organized workspaces (1623) containing models ot spec.f.c 
complex-bioEntities (1624) that model the functional structure of molecules or molecula^omplexes at various 
levels of complexity and which can be accessed by selecting the options of me nMm^ead "Structure Libraries 
(1618) Forexampie. selecting "Cytokine Library" (1620) displays the menu headed by Cytokine L.brary 
(1621) which options refer to libraries of different families of cytokines, and further selecting one such as 
1L4 like Library " (1622) displavs the library (1623) of the IL4 family, which contain several cytokine with 
similar structures, which prototype is IL4 (1624). which subworkspace contains several domains, motifs and 
groups. Those icons mav be used to: a) be cloned and modify to build different but related structures; : b) be 
placed in the subworkspace of protein<omplexes. as shown in FIC.1S; or c) they may be preferentially named 
and copied, asdescribed below, and th* dummy copies that refer to the original are used tor several ot the more 

. pTht^LTbrarUs. are hierarchically organized workspaces (163.)) containing sets of related bioProcesses. 
such as those contained in the subworkspace of a submodel, and a bioReservoir-Bin with the NoReservoirs 
connected to those bioProcesses. where those bioProcesses and bioReservoirs are connected forming the nodes 
of a pathwav that mav be or not multidimensionally branched. The pathways included * the hbraries . o~ 
mat are common to several svstem. although they may require some .notifications, and they can be cloned instead 
of being built from scratch. ' Alternatively, the "Pathway Libraries" fl 628) menu may be used to hierarchical v 
access anv submodel of the Virtual Model, as an alternative to interactively nav.gate through all he la> ers o. 
subworkspaces involved. The options of the menu head "Pathway Libraries" (1628, £um direcrty to 
submodels which subworkspaces are displayed. For example, select.ng the opnon ECF RJ athuay 16 ) 
displavs the components of the initial specific stepsof such pathway (1629) conta.ning b.oProcesses ( 6311 and 
a bioResen oir-Bin (1632). To conveniently handle large and complex pathways, the components can be 
partitioned into more submodels, by simply transferring rebted sets of bioProcesses and their 
HoReservoirs to the subworkspace of a another submodel, without aftectmg the connect.vitv the path* ay, 
inanvwav. When the application grows larger and the number o. Submodel increase, those direct 
domam-menus options are replaced by other options that lead instead to walking menus offering as many 
n^u^X* as necessary. Modelers can also clone submodels, in which all the bioProcesses organised 
in Us workspace, together with the contained bioReservoir-Bin and all the bioReservo.r organized in its 
wo kspace are a so cloned preserving the labels and any other attributes, but with no names, since names are 
u £2 ™ means that a.lnew bioR^rvoirs and bioProcesses have to be named .with *. same as, name 
and different tags), and the connections have to be reestablished by nammg the bioPosts and semn« the re, 
attributes. a» discussed elsewhere for new sets. 
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b) Creating New Composite Objects 

• There are several alternatives for building new generic types of composite bioObject. One method comprises tn* 
following steps: a) an instance of the desired class, such as bioProcess, is created by selecting from the menu of 
the object-definition of that class the "create-instance" option and transferred to a workspace; b) the 
subworkspace of such instance is created by selecting from its menu the "create-subworkspace" option; c) the 
desired set of instances of characteristic classes of visualObjects are created or cloned and transferred to such 
subworkspace; and d) the newly created instances are positioned and connected in specific ways, to conform to 
the designs specified in this invention. A preferred alternative way is to "clone" an existing composite 
bioObject that is similar to the desired one, and delete and/or add components, as desired. The additional 
generic building-blocks are added to palettes accessible through the domain-menus, and are used to create new 
instances of the same type by cloning such generic structures. Cloning an object in this invention means cloning 
also its subworkspace, and all objects upon its subworkspace, and any objects upon the subworkspace of each 
of those objects, and so on. The modeler can then further individualized each newly cloned instance by 
configuring the attribute tables of the superior object, or by configuring the attribute tables of the objects 
encapsulated within that superior object, either as attribute objects or as objects upon successive 
subworkspaces. 

• Furthermore, it is possible to create transient objects at run time in two ways: a) by using the "create a 
<class-name>" and "transfer" actions; or b) by using the "create a <dass-name> by cloning <instance-name>" 
and "transfer" actions, which is the equivalent to the clone option described above, and is the preferred way 
tor composite objects. Transient objects can be made permanent by using in addition the "make <instance> 
permanent" action after the instance has been transferred to a workspace. This invention makes extensive use 
of dynamically creating objects at runtime by cloning, such as when creating dynamic pathways, dynamic 
query-panels, dynamic query output-panels, dynamic entry-panels, dynamic graphs, dynamic lists, and so on. A 
set of partially prebuilt complex sets of structures, such as those required for the different types of panels, are 
organized and stored in the subworkspaces of objects called bins, and used as master structures to be cloned , 
and completed with additional context-dependent structures at runtime, as will be described under the Ceneral 
Mode and Simulation Mode headings below. 

c) Modeling bio Entities 

• The modular functional representations of structure that are novel teaching of this invention allow to represent 
the modular structural patterns so frequently used by nature. More specifically, the iconic structural 
representation is used to abstract the detailed structure of different molecules to highlight their similarities, and 
to show that even prototypes for different families present several similarities. Abstraction is obtained in part 
by selectively hiding some detail in the subworkspaces of other components. That representation focuses on 
components and the way they are arranged that relate to their function, to offer users visual models that 
facilitate their reasoning about structure-function relationships. The components of a molecule are used by the 
user to reason about its function, since the presence of given domains, motifs, or simple-bioEnrities usually is 
associated with described function, therefore directing the scientist's attention to further focus on those 
functions. Furthermore, each of those iconic instances of bioEntities have their associated tables of attributes, 
where the modeler can include additional information, data, and references to access other sources of 
information about those models, which can provide to the user a wealth of knowledge in the form of an intuitive 
and interactive visual database. The knowledge extracted from those models can be integrated in this invention 
with other forms of knowledge, related to the function of those bioEntities, provided by the pathways related 
models. For example, the members of each family may be involved in similar mechanisms but result in very 
different and even opposing effects, due to the participation of their bioPools in different pathways. That 
knowledge integration is performed sometimes interactively by the user, and sometimes program matically as a 
result of an interactive request by the user, depending on which of the many capabilities of this invention is 
used. Each superior btoEnrity represents the structure of a biochemical physical entity in a particular state, 
such as different chemical modifications, different states of association with other entities, or the products or 
different mutations or artificial manipulation or quimeric constructions, which corresponds to the concept that 
different bioReservoirs hold molecules or complexes in different states. The structural and other types of 
information about the units that form a bioPool, as provided in the corresponding bioEntities, is supplemental 
and is not necessary for creation or navigation thought the pathways, or for simulation. This information is 
used independently of the pathways, or they may he used in combination, as in the complex quene*. 

• F1C.17 shows the Palettes with representative examples of master instances of some of the different subclasses 
of protein-domain (1701), protein-motif (1706), and stmple-bioEntity (1711), accessed through the walking menu 
of "Protein Components" (161M. Some of those building-blocks are very genenc or "empty" structures. *uen as 
the examples shown of the subworkspaces (1703 and 1708) of catalync-subunit (1702) and spacer (1707). 
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respectively, while others mav contain more or less detailed prototype structures, in wh.ch case they are named 
master-structures, which mav be referred to by the master-bioentity attribute of its copies, such as the example 
shown of the structure (1705) of a fibronectin.type.m-domain (1704). In addit.on. like any other bioEnnty, each 
instance of these components have an associated menu (1805) from which options specific tor each class can be 
selected to perform generic or specific tasks. Selecting the "table" option (1823) shows their tables of attnbutes. 
such as the examples shown for the tables (1710 and 1713) of a leucin-zipper-motif (1709) and a 
loss.of.function.protein.mutation (1712), respectively, providing options for the modeler to include additional 
information, which in this case is specific for each instance or copies. Clones of those instances can be combined 
in different ways to model, using the basic paradigm of "Clone, Connect. Configure and Initialize", at the des.red 
level of detail, the structure of a bioEntity. 
■ In addition, to the standard Shell's "clone" capability which applies to every object, there is a novel 
domain-dependent capability associated with the class complex-bioEntity and all its subclasses. Selecting the 
"create-local" option (1824). which is restricted to Modeler Mode and when the bioEntity has a name and 
starts the et-create-local-proc (Table 89). allows the modeler to create local copies from any instance. The term 
clone means in this invention a complete reproduction of the original, with exception of the name, while the term 
copv means an incomplete reproduction that is usually stripped from the contents of the subworkspace of the 
ordinal but contains a pointer to the original and is used in conjunct™ with it. The master-bioentity attribute 
of the copies is automatically set to refer to the named master-structure. The dummy copies reter to the original 
when the "master-details" is requested, which subworkspace with the prototypic structure is displayed. That 
is local copies of anv complex bioEntity (including bioEntity-components). may have private specific 
information in its table of attributes and in its subworkspace, shown by selecting the "local-details" option, 
while it is can also display the subworkspace of its master bioEntity Simple-bioEntities do not have a 
subworkspace and do not'have master-bioentity attribute, and the concept of copy does not apply to them. This 
implementation is preferred because of the advantages of avoiding redundancy, including sa v.ng storage 
resources, and allowing modification at only one site when the details of the structure have to be modified 
. As shown in F1C.18, the subworkspace (1807) shown for a specific multi-unit receptor-complex (1804) conta.n* 
the icons of its various components, which may be copies, such as those referring to structures in the Libraries 
(1808 1815 and 1817), or mav be originals, such as for the simple components or some specific complex 
components (613, 619 and 621 are originals within the original master structures) Upon clicking on each ot 
those components, their subworkspaces or the subworkspaces of their master structures are displayed on the 
screen showing their structural composition. The level of detail is optional, and components at ditterent levels 
in the hierarchy of subclasses can be connected to each other. For example, clicking upon a subunit ot the 
receptor (1808,'a copv) shows its structure (1809, from the master) composed of domains, other 
simple-bioEntities, and other optional auxiliary structures, such as those that may contain: notes about its 
function (1810), sequence (1811), references (1812), ora CIF image of its three-dimensional structure (not 
<hown) Anv of those components mav contain more detailed information, such as that displayed when clicking 
,n one of those domains (1813). which structure (181 4) is composed of other domains, spacers and other 
simple-bioEntities. Back to the main structure, clicking on a kinase ( 1815. copy) that form part ot the complex, 
its structure (1816. from the master) may be represented by its two subunits. a regulatory-subun.t and a 
catalvtiosubun.t. each containing or pointing to additional detail (not shown). Or the structure can ^^rectly 
represented directlv bv it lower level components, such as when clicking on other associated kinase (1817). 
which structure (1818)' is composed directly by several domains and other s.mple-bioEnt.ties. Any ot those 
molecular components mav contain in their subxvorkspace any type of other relevant information wh« .more 
detailed structure is not available or not desired. For example, clicking on one of the domains (1819) shows 
(1820) differences in the sequence of a functionally important homology region of that domain for diMerent 
members of that family of molecules (which allows to represent all members of the family by ,ust one structure, 
bv describing additionally the differences benveen the different members), while clicking on another domain 
US-H) shows more information (1822) about conserved subdomains within that family. In general, 
Mmple-bioEntities mav be linked to a motif, a domain or even to a subunit or a molecule. The structure may tocu* 
im onlv those parts of the structure that have functional relevance. If intermediary stretches within the 
structure are unknown or that detail is not des.red. they may be represented by domains callect spacers 

d) Modeling Pathways 

. The bioReservoirs Palette contains prebuilt default instances of 

- bioReservoir-Bin used to store a set of related bioReservo.rs upon its subworkspace and prebu.lt with the 
standard set of navigation buttons used on most subworkspaces. a tfo-to-sup^n-button and a 
hide-sup-ws-button. and a bioObject-title. which is standard for the subworkspaces ot all b.oModels as well a ? 
ot j 11 cum pWx-bioEn titles 
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• On-Hold-Bin. used to store upon its subworkspace bioReservoirs and/or bioProcesses connected into 
pathways that the modeler may want to offer as alternatives, and which the user may include or exclude from a 
simulation or other uses at will, by using any of three alternatives: a) desired individual structures can be 
moved out of the On-Hold-Bin and transferred to the subworkspace of such submodel, or its bioReservoir-Bin it 
bioReservoirs; b) if all structures are desired for inclusion, the subworkspace of the On-Hold-Bin can be 
activated and deactivated at will; or c) two On-Hotd-Bins can be used to transfer those structures between them 
at will, one to be permanently deactivated and the other be activated and to hold only those structures desired 
for inclusion. If any of those structures are substitutions for other bioReservoirs and /or bioProcesses 
contained in such submodel then those structures they are replacing should be removed to a deactivated 
On-Hold-Bin. This subworkspace is prebuilt with an additional hide-and-deact-sup-ws- button, which upon 
clicking on it when the subworkspace is activated, hides and deactivates such subworkspace 

- a set of different prototypes of bioReservoirs, representing all the subclasses, which differ in the instance or 
the bioPool they contain upon their subworkspace, which is in turn of one of the corresponding subclasses of 
bioPool. and in the color of the type-color region of their icon. Each of those prototypic bioReserv oirs comes 
with a minimal set of basic structures, and model-boxes and additional bioPosts are added interactively when 
needed. By cloning a bioReservoir of the appropriate class from its Palette, transferring it to the subworkspace 
or a bioReservoir-Bin and clicking on its icon to select various tasks, it can then be connected to any of the 
bioRole-Objects of the bioProcess by simply giving the same name to a matching pair of bioPosts, one from each 
structure, always keeping in mind the required restrictions. 

• Another alternative for adding bioReservoirs to the Virtual Model is to clone existing bioReservoirs with 
similar characteristics, by selecting the "dean-clone" option from their menu, and configure the new name and 
desired attributes. The "clean-done" option starts the BR-clean-clone-proc, which creates a clone of such 
bioReservoir and sets the values of all the attributes of all structures involved, including the bioReservoir and 
its subworkspace and all structures upon it, to their default values. This capability is useful to create clean 
bioReservoirs of desired types that are available on the working submodel, without the need to open the Palette 
. The modeler can add, modify or remove connections to bioProcesses, by creating and naming the corresponding 
bioPosts. That established distant connectivity is independent of the location of bioProcesses and 
bioReservoirs throughout the Virtual Model or the workspace hierarchy, and no additional changes are 
required when moving those structures from one location to another. Various menus options and associated 
methods are offered to automate the task of establishing those connections, which will be described after the 
discussion of the creation of bioProcesses 

• The modeler can also model inputs or outputs to a bioPool as mathematical models using model-blocks held in 
model-boxes, as previously discussed (FICs. & and 12). A set of menu options, restricted to appear only when 
in Modeler Mode, are defined for the class bioPool to automate the task of adding a scaled •input-model-box, 
input-model, or output-model-box, respectively, when desired. The options labeled "add -sea led -in put", 
"add-input", and "add-output", start their associated methods, create-scaled-input-model-box-proc (Table Mil), 
create-input-model-box-proc, and create-output-model-box-proc. respectively, which result in the cloning ot the 
corresponding prebuilt master model-boxes, and then transferring the new instance to its specified position in 
relation to the bioPool. The modeler has only to extend its stub to join it with the color-matched stub of the 
bioPool, which is the closest to it. Each of those named master structures is simply a generic model-box, each of 
the subclass referred to by its name, with a color-coded subworkspace containing, in addition to instructions 
for the modeler on how to proceed, a connection-post which attribute M superior<onnection" has been set to 
refer to the only connection stub of the superior model-box. With this construction, any model -block connected 
to such connection-post upon the subworkspace of a model-box is connected also with any object to which the 
model-box is connected through such superior connection. This implementation results in the generic ability tor 
the modeler to establish a connection between an encapsulated model-block and a bioPool, by cloning the 
desired model-block from the Palette of generic model-blocks and connecting to the unique connection-post upon 
the subworkspace of a model-box connected to that bioPool As described above, the generic formulas that 
provide the value for the Accumulation of each bioPool already integrates the output of any such connected 
model-block as either an absolute input, a scaled input or an output, depending on the class (each connected at 
its predefined specific port) of the model-box that contains the model -block. 

• As shown in FIC.19, the Mod tl-b locks Palette (1901) is provided to the modeler, each being a default instance 
of each of the subclasses of model-block. Model-blocks (Table 22) and the different generic simulation to mi ul as 
(Table 87) to compute their value of their output-1 attribute have been previously defined. Some example or the 
attributes for some subclasses with their default values are shown through the tables of attributes of: constant f 
(1902). exp.c.pdf (1903), exp.m.pdf (1904), unif.c.pdf (1905). sigmoid A (1906), and generic.model.hlock.f (1907). 
The latter is a very generic block that allows the modeler to create instances and configure as many attributes as 
required by defining their slots with any desired type of value, including instances of model-block-var. in which 
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ase tneir soecific formula would also have to be defined. The output-1 of this block is also a variable for 
"v nich the modeler has to write its formula, to incorporate as arguments the newly contoured attnbutes 
. As shown in FIC.20, the bioProcesses Palette provides the most representative types of generic bioProcesses. 
prebuilt and readv to be cloned and further configured. These preambled and stored structures allow the 
repeated use of bioProcesses as building blocks of more complex pathways. Like in chemical systems, some 
bioProcesses are relatively simple and some may become more complex, but all are built with the basic ;bu,Jd.ng 
blocks C>504 through 2511). The modeler can, for example, clone a R2.L1. which subworkspace (2008) 
comprises one receptor-bioengine connected with two receptor.r (which may each be connected to different 
bioPools, if the active receptor is an homodimer of two equal molecules, or to the same bioPool. if an homod.mer 
of two equal molecules), and one ligand.r at the top, and one bioProduct at the bottom. After transferring the 
clone to the desired workspace, the bioProcess can now be configured, by clicking on its icon and selecting its 
table of attributes. Selecting "details" from its menu displays its subworkspace and provides access ^to all its 
components, which can now be configured by accessing the tobies attributes of the bioEngine. each b,oReactant 
and each bioProduct, and each bioReactant-post and bioproduct-post. BioProcesses have ... 
activatable-subworkspaces, which means that any object upon such subworkspaces are not recogmzed by the 
inference engine or the simulator unless the subworkspace is activated. When new bioProcesses are cloned, 
their subworkspace are deactivated by default, and have to be activated selecting the "activate-sw" menu 
option available only when the subworkspace is deactivated. 
. An alternative to the Palette is to clone another existing bioProcess with similar characteristics and labels 
directlv from a submodel, and then transferring them to the desired submalel and the configuring ^components. 
Two menu options are provided to facilitate that task labeled "labeled-done" and "clean-clone", which start 
either BP-labeled-clone-proc or BP-clean<lone-proc. respectively. The first procedure creates a clone • ot the 
bioProcess, and then sets the values of all the attributes except the label of all structures involved, including 
those of the bioProcess and of all the structures upon its subworkspace. to their default values. The second 
procedure calls the first one. and also sets the values of the labels attribute of all structures .nvolved to the.r 
default values. 

. The bioEngines Palette and the bioReactants Palette shown in FIC.21 are provided for the purpose of 
allowing the modeler to: a) modifv individual instances of bioProcesses cloned from the Palette, to accommodate 
particular infrequent needs; and b) to design new prototype bioProcesses, by starting from a clone ot an 
existing bioProcess and adding or removing bioReactants or bioProducts, or by exchanging the bioEngme tor 
another of compatible type. The modeler may want to modify the Velocity attribute of any bioEng.ne, and to 
provide specific formulas to represent their favorite equations to best describe the process being modeled, 
which have to refer to the specific set of bioReactants connected to that bioEngine. Such newly designed 
bioProcesses may be stored as building-blocks in the appropriate Palette within the Modeler Palette Bin. as 
described. 

. In addition, the modeler mav use a tabular-function (Table 74) as a look-up-tar*. from which the program is 
able to interpolate, to model a process by entenng experimental pairs of values of the ^dependent and the 
dependent variables in such table, such as a dose response. To facilitate that task, the menu opnon "cr*at*->w 
is defined for the class bioEngine that starts the create-sw-for-bioengine-proc. which creates a subworkspace 
for the bioEngine bv cloning the subworkspace of the bioengine-sw-master. which contains a 
tabular-function-of'-l -argument and instructions for the modeler about how to use such a tabula r-tunction. 

. As shown in FIC.22. several steps are required to establish the connection between a bioReactant or a 
bioProduct and a bioPool. To facilitate this process, and more importantly, to reduce the sources ot error while 
entering those values bv the modeler, various methods are offered to automate the tasks ot: creanng and naming, 
or removing the names; of bioPool-posts. removing the names and the references of of bioRole^posts, and to set 
the appropriate values for the ref-bioprocess of bioPool-posts and ref-bioreservoir ot bioRole-posts. a> 

- SStep is to select the bioProcess (2201 ) and bioReservoirs (2205, 2207, and 2209) to be connected^,, 
alreadv in existence, otherwise they are created by cloning from the Palettes and named^ BioPmcesses and 
bioReservoirs have to be named before their bioPosts can be named. By selecting the deta Js opnon (-031 
from the menu (2202) of the bioProcess. and such of the bioReservo.rs (not shown), their subwork>pace> (-04. 
"06 2">08 and 2210, respectively) of each of them are displayed. 

- the menu option ~ a dd-top-posf'(Table 92) defined for the class bioPool starts the create.biop t >ol.p-p l »s«-proc 
(TabTe7) which firs, scansTor the first free stub of those defined a, an even-numbered port <p02 to pl2) and a, 
if one i< found, it creates an instance of biopool- P -post. and aligns ,. opposite to such stub within .he t.rs, layer 
or such biopool-p-post. b) if none is found. >t then scans for the first free stub ot those denned a. an 
uneven-numbered port (pOl to pi 1) and. if one is found, it creates an instance ot b.opool-p-post and aligns it 
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opposite to such stub within a second layer (more distant from the bioPool) of such bioPool-posts, and if none is 
round, then: i) it moves the existing biopool-p-post connected at the first port (pOl) to a more distant position, to 
start the next layer, ii) it creates an instance of biopool-p-post and transfers it to the next free predefined 
position within that layer; and c) it sends a message to the modeler with instructions for making the specific 
connection. Then it calls the pool-post-name-it-proc (Table 93) and returns. The " add-bottom-post" functions 
in a similar way, but it adds instead biopool-r-posts at the bottom of the bioPool. 

- The next step is to connect each of the bioRole-posts (2212, 2218, and 2225) to a complementary and not yet 
connected bioPool-post of th e appropriate bioReservoir. Here the first pair (2211 and 2212) has been already- 
connected, which is not apparent to the user. In most cases, this process will first require to create a new 
bioPool-post of the appropriate subclass, by selecting from the menu (2214) of the bioPool (2213) either the 
"add-top-post" option (2215) or like here, the "add-bottom-post" option (2216), which results in the automatic 
creation of an appropriately named bioPool-post, and its transfer to the appropriate position (2217), which is 
close to the next available free stub with the same cross-section pattern on the bioPool. The modeler has now to 
establish the connection to the bioPool by extending its stub and joining it to the closest free stub on the bioPool 
and then establish the distant connection to the bioReactant-post (2218). Here is shown how such distant 
connection is established between and already named and connected bioPool-p-post (2219) and the 
bioProduct-post (2225). Clicking on the bioPool-p-post (2219) in Modeler Mode displays its menu (2220), and 
selecting the "table" option (2221 ) shows its table of attributes (2222). Note that the tables shown here for a 
bioRole-post (2222) and a bioPool-post (2228) are shown with all the values already set, as they would appear 
for fully functional bioPosts. However, at this point in the connection process, the values shown for the 
"ref-bioprocess" (2235) would be the default vaiue none, while the values of the "names" (2223) and the 
"label" attributes (2224), will be already set. The value of the "label" attribute, is set to be the same as its name 
in the case of all bioPosts . and is used at run-time when using the alternative simulations procedures, as 
discussed under the Simulation Mode heading. 

• The next step is to give the bioRole-post (2225) the same name as the name of the bioPool- post (2219) to which is 
to be connected. Here, this is accomplished by selecting either the "name" menu option (2227) or the "names" 
attribute value slot (2232) of the bioRole-post (2225) and clicking on the name-display (2228) of the 
bioPnol-post (2219). Note also that any time the name of any object is edited, its name-display (2228) appears in 
(he proximity of that object and that name-display has text-insertion capabilities, in a way that whenever the 
text-editor is opened (which happens among other occasions when clicking on the "name" option of any object 
or on the value slots of the tables of attributes), clicking on such display automatically inserts its text into the 
slot or at the position of the cursor. In the current implementation of this invention, most name-displays are 
hidden by the developer or modeler after they are used, since the labels are used instead to provide a more 
flexible and user friendly method of recognition for those objects when one is desired. In the case under 
discussion, all the names of bioRole-posts are hidden, while only the name-display of the last bioPool-post is 
left as a means of also providing a reference to the name of the superior bioReservoir 

- The previous step completes the basic connection process that allows the inference engine and the simulator to 
reason about those connections. The additional step that follows adds information to those connected bioPosts 
that is used by the program to quickly access the components on the subworkspaces of those connected 
bioReservoirs or bioProcess, even when the subworkspaces of those connected bioReservoirs or bioProce** are 
deactivated, which may be the case when in Simulation Mode, and which would cause the system to not 
recognize those connections, since the system would not recognize the connected bioPosts upon such 
subworkspaces. A method is provided to facilitate and reduce the sources of error in setting such additional 
information. Once the bioRole-post (2225) and the bioPool-post (2219) are equally named, the 
"ref-bioreservoir" attribute (2234) of the bioRole-post and the "ref-bioprocess" attribute (2235) of the 
bioPool-post are automatically set to refer to each other's superior bioObjects, as their names indicate, by just 
selecnng the "set refs" menu option (2229) of the bioRole-post, which is only available when it has a name. The 
"ref-bioreservoir" and "ref-bioprocess" attributes are in turn used by the program when the user selects the 
"show-br" option (2241) or the "show-bp" option (2242), which are available in the menus (2220 and 2229) ot 
bioRole-posts and btoPool-posts, respectively, only when those attributes have a value different than none. 

- Alternatively, connections can be changed and previously connected bioPosts can be recycled by using 
consecutively the following set of menu options: "unname-it" (2219) of the bioPool-post which only appears it it 
has a name, "unname-it" (2229) of the bioRole-post which only appears if it has a name, and "name-it" (2223) ot 
the bioPool-post which only appears if it has no name, which tasks are obvious and described below, followed 
by clicking the name of the bioPool-post into the name slot of the bioRole-post and selecting the *^t-ref>" f 222*> 
of the bioRole-post. as described above tor new connections. 
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. a more detailed descriotion of those methods, with references to their definitions follow. 

- the menu option "name-it" (Table 931 associated with the class bioPool-post is only available when th* 
bioPool-post has no name, and upon its selection by the modeler the pool-post-name-it-proc is started. Thi< 
procedure gives the "names" attribute of the bioPool-post a name composed of the base name ot the supenor 
bioReservoir (removing the ending BR tag) followed by the default value of the "label", which is a reference to 
the class and relative position of that bioPool-post, such as PP4 referring to bioPool-r>-j>ost connected at port 
p04. and also colors the face-color region of its icon. 

. the menu option "unname-it" (Table 9-1) associated with the class bioPool-post defines an option which is only 
available in the menu when the bioPool-post has a name. Upon its selection by the modeler it starts the 
pooipost-remove-name-proc. which changes the values of the names and the ref-bioprocess attributes ot the 
bioPool-post to their default value none, removes the base-name from the valueot the "label" restonng it to its 
default value, and resets the face-color of its icon to gray. 

- the menu option "set-refs" (Table %) is associated with the class bioRole-post. It defines an option which is 
onlv available in the menu when the bioRole-post has a name, and upon its selection by the modeler it starts the 
rolepost-set-refs-proc, which changes'the values of the "ref-bioreservoir" of the bioRole-post and the 
"ref-bioprocess" of its connected bioPool-post to equal the names of the bioReservoir supenor to such 
bioPool-post and the bioProcess superior to the bioRole-post. respectively. 

• the menu option "unname-it" (Table 95) associated with the class bioRole-post defines an option which is only 
available in the menu when the bioRole-post has a name. Upon its selection by the modeler it starts the 
rolepost-remove-name-proc. which changes the values of the "names", "label", and "ret-bioreservoir ' 
attributes of the bioRole-post. and the "ref-bioprocess" attribute of the bioPool-post. to none. 

. The metabolic and regulator pathwavs of cells and organisms are composed of a large number of processes. To 
«implifv the overall structure of the svstem. or when the intermediary detail is unknown, it is possible in the 
currently preferred embodiment of this invention to consider parts of such pathways as Mack-box-bioProcesses 
with inputs and outputs connected to other modeled pathways or to other black-box-bioProcesses. which are 
not modeled in detail. If and when it is desired to model disturbances at specific points in the pathway 
represented bv a black-box-bioProcess. it can be split into the pathway before and the pathway after the 
regulated location, which is represented by a normal bioProcess. with the two new pathway segments now 
represented by two new black-box-bioProcesses, and the segment where the disturbance occurs to be defined 
jiio modeled. 

. In addition, it mav be desirable to model a pathway as a single lumped bioProcess. Such may be the case for an 
enzvmatic patWav for which, a) the details may be unknown or not desired, b) only the inputs and the outputs 
are relevant and c) sufficient quantitative or qualitative information is available about the rate limiting 
enzvmes and the inputs. Because of metabolic and energy/ mass conservation constraints, only a tew ot their net 
conversion rates are independent variables, and the others are mutually dependent, various ot those reactions 
can be combined and the pseudo-steadv-state approximation of the combined process can be used instead. For 
these cases the currentlv preferred embodiment of this invention provides enzyme-bioProcess subclasses with 
nvo or more enzvme-bioReactants. with their Velocity depending only the Concentrat.ons ot those enzymes, 
together with the substrates that are inputs to the pathway and the products are outputs ot the pathway, 
ignoring the intermediaries and other participating enzymes. The following are examples ot overall rates of 
synthesis resulting in the production of a cytokine. IL2. as a cellular response to its binding or another 
extracellularly provided cytokine. IFN-a. that could be represented by a set of bioReservoirs and 
bioProcesses. to represent each of the terms of the equation: 
- rs(TF.ir\-*l = ki * (IFN-o| and 

• rs(mR\A.iL:) = k: * lTF-IFN-a|; or rs(...R\A iL:) = 1* ka |IFN-al / 1 ♦ k, (IFN-al* k»; 

• rs<li:> = k? , |mRNAlL:|; 

e) Biochemical Modeling Techniques 

. To be connected to each other and integrated into pathways. bioReservoirs and bioProcesses must have unioue 



names. 



. For bioReservoirs that represent the input into the system of a synthetic agonist or antagonist: a) the 
Concentration has: a) a normal default initial value of 0.0. b) has no modeled inputs from biol roce^s. and ci it 
may be modeled bv a model-block. However, quantities of that compound may be transferred to another 
bioReservoir in a different compartment, and that latter bioReservoir is a regular one. 
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• It may not be desired in most occasions that the synthesis of macromolecules, such as DNA, RNA, and proteins 
he visually modeled by bioProcesses, because of its complexity and the large number of steps or components 
involved. In these situations, the synthesis component may also be modeled by adding a model-block to one 
input-box connected to the bioPool, which is represented by the additional term already integrated in the 
Accumulation equation. The output of this model-block may define a global synthesis-rate (rs(t)) that may be 
made dependent on the values of any other variable of the system multiplied by a synthesis-rate-constant {k^) 
parameter, a separate attribute of the model-block. The k^ may also be dynamically increased or decreased (by 
multiplying by appropriate factors) as defined in rules or procedures, which are fired or called as a result of the 
activation or deactivation of other bioProcesses, which directly or indirectly regulate the processes of 
DNA-transcriprion into mRNA, mRNA-splicing, mRNA-translation into protein precursors, or the processing of 
the precursors into the active-form of the proteins (all or part of which may or may not be visually modeled t. 

• When degradation or diffusion are important components of the model they can be separately modeled by: a) 
using additional bioProcesses to model those processes; or b) adding a model-block to the output-box connected 
to the bioPool; or c) using additionally defined degradation-rate or diffusion-rate parameters, respectively, and 
modifying the formula accordingly by adding the corresponding terms. The first two approaches are 
recommended because they are more flexible and modular. 

• Processes in which the binding step is the limiting factor (the catalytic or other actions are fast so that the ES 
complex is very short-lived), are usually modeled by a single bioProcess. If the complex stays around exposed to 
other interactions, two bioProcesses may be used: a) complex-formation and b) catalytic or other action, each 
with its respective constants. Inhibitors and antagonists should as frequently as possible be modeled by 
separate bioProcesses. 

• In the system of this invention, the intermediary complexes that are termed in enzymatic reactions, and their 
concentrations such as [ESi] or |ESiS:|, are preferably not explicitly represented, unless they are the specific 
targets of regulation or translocation to different compartments. Otherwise they are implicitly represented 
within the model equation of the bioEngine. 

• Reaction systems with two or more substrates of the ordered or ping-pong types, may be represented by either 
one bioProcess with two substrate.r, in conjunction with the appropriate Velocity equation, or by two 
separated bioProcess in series. Preferable, these types of reactions are modeled by two bioProcesses in which 
the participants are represented as following: a) the en/yme and the first substrate are the enzyme.r and 
substratel.R of the first bioProcess, b) the bioPool of the enzyme-substxatel complex is represented by both a 
bioProduct of the first bioProcess and by the enzyme.r for the second bioProcess, c) the second substrate is the 
substrates of the second bioProcess, and d) one bioProduct of the second bioProcess may be represent the 
bioPool of the enzyme. To be more accurate, in the ping-pong case the bioProcess cannot be said to be first or 
second, since the enzyme oscillates between the "free" and the "complexed" states. 

• In reactions with cuoperativity. such as allosteric reactk>ns of an enzyme with n equivalent substrate bindine 
sites, can be either modeled by: a) one bioProcess with a lE.n$.ll.HMME bioEngine with each of the n 
substrate.r representing the same biul'octl, each with a stoichiometric coefficient equal to 1 . but each with a 
different effective Km corresponding to each additionally bound molecule, and a Velocity formula represennng a 
Henry-Michaelis-Menten equation, as shown in — , or b) one bioProcess with a 1E.1S.1P.0I.HE bioEngine 
with one substrate.r with stoichiometric coefficient equal to n, and the Velocity formula representing a Hill 

equation, as shown in — . In that case, the overall affinity constant ( K » <p*K' A (n), where <p = ce*p*6V. ) i? 
equivalent to the product of the Ki' of the first bound site times the series of K/ times the coefficients by which 
each molecule of ligand bound modifies the affinity of the other sites. 

• Allosteric reactions of an enzyme with binding sites for two or more different ligands. either substrates, 
inhibitors or modifiers, can be either modeled by: a) one bioProcess in which each ligand is represented in the 
formula for appropriate class of variable providing the Velocity, or b) two or more bioProcesses, in series or 
parallel or both, when the mechanism of the reaction is known and information is available. The latter case i* 
preferred where separate bioProcess, one for each ligand, compete with each other for the common component! *). 
with an strength dependent on their respective affinities and Concentrations. In addition to the cases above, it 
is in general preferable to model several complex-torm-process in the following cases, as described in more 
detail below: 

- all types of inhibitions in which an irreversible complex is formed, such as E + I -> El. or E ■* S -* I -> SEl. 

• the effects of antagonists, such as R ♦ Ant -> R-Ant, and 

- me feedback activation or inhibition by products, such as E + X + P •> P «■ Y * Z. where P is the product of either 
this reaction or a downstream reaction. 
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. Different tvpes of inhibitors may be modeled in a variety of ways to show different behaviors, usually 
jivoMn* a cTmplex-form-process in which the resulting complex would have d.fferem charactenst,cs: 

. A competitive inhibitor and the substrate are mutually exclusive, which means that H does not bind S. but ,, 
mav result in E + S + 1 <•> ES El-> P • This tvpe of rev ersible competition is best modeled as one enzymeEngtn* 
comprising enzvme.r, substrate.r and inhibitory and a bioProduct. with its matching standard kinetic equation. 
The intermedial complexes may be modeled if desired by editing the value of me hmelag^ account tor *enme 
the E, 5 and 1 spend in the complex forms ES and El. not explicitly modeled otherwise. The same approach can be 
applied to any other class or type of bioProcess, when appropriate. 

. An irreversible inhibition is equivalent to enzyme removal from the system, with the Vmax reduced, and it is 
therefore best represented bv two parallel bioProcesses. of different classes: a) an enzymeProcess tor E ♦ S •> P. 
and b) a complex-form-process for E ♦ I -> EL The production rate of P is influenced by the Concentration o, s. 
directlv and 1, indirectlv. while the production rate of El is indirectly influenced by the Concentrate ot 5. It 
mav also be represented by one enzyme-process containing enzvme.r. substrate.r and inhibitor*, and two 
bioProducts (E + S + 1 -> P + EI), with its matching standard kinetic equation. 

- An uncompetitive inhibitor mav bind reversibly to the ES complex yielding inactive ESI complex, but it does not 
bind to enzvme alone. This model needs some modifications of the regular bioProcesses. because .t requires 
access to an intermediary complex that is not explicitly modeled in the system of this invention in a standard 
enzvme-process ( E - S ♦ I -> P). This type of reaction may be represented by three bioProcesses. first in series 
and then in parallel: a) complex-form-pnxess: E + S -> ES ; b) enzymeProcess: ES ■> E ♦ P; and , c) 
complex-form-process: ES * 1 -> ESI. It may also be represented by one eruyme-process compnsmg enzyme.r. 
,ubstrate.r and inhibitor*, and one bioProduct < E ♦ S ♦ I -> P). with its matching standard kinetic equation. 

- A noncompetitive inhibitor and the substrate do not affect each other s binding to the enzyme, however the 
trimenc complex SEI ( ES + I -> SEI or EJ ♦ S -> SEI) may be inactive. The main effect is a sequestenng ot e.ther 
enzvme or both enzvme and substrate, and the Vmax is reduced. This type of reversible competition .s best 
modeled bv three different bioProcesses: an enzyme-process E ♦ S -> P (a), and two complex-form-process: E ♦ I 
-> EI (b) and E ♦ S * l-> SEI (c), where (a) and c) have the same Ks and (b) and (c) have the same Ki. It may also 
be represented by one enzyme-process compnsing enzvme.r, substrate.r and inhibitor*, and three bioProducts ( 
E + s * I -> P + EI + SEI). with its matching standard kinetic equation. 

. A mixed-type inhibitor I is such that reversible binding of either I or S to E changes the Ks or Ki of the other by a 
tactor u vielding ES. El and inactive ESI complexes. It may be best represented by three different bioProcesses: 
an enzvme-process E + S-> P (a), and two complex-form-process: E ♦ I -> El (b). and E + S ♦ 1 -» SEI (c) where 
(a) and (c) have different Ks and (b) and (c) have different Ki. The Ks' of (c) may equal the Ks of (a) multiplied 
by o, or similarly, the Ki' of c - a»Ki, where a is a cooperath ity<oefficient that may be introduced as a factor 
in the formulas of the respective Ks or Ki. 
. Different tvpes of feedback regulation by downstream products is represented by differen. sets of bioProcesses 

As examples are given the following cases of feedback inhibition by more than one product: 
. Cooperative or synergistic inhibition is when mixtures of Pi and P: at low concentrations are more inhibitory 
than the sum of inhibitions bv each at those concentrates, and at saturating levels of either one or the products 
TiandP- the velocitv of the reaction may be driven to zero. It means that both Pi and P: can combine with E 
simultaneously to form EPiP: complexes. This system may be represented by 4 bioProcesses: an 
enzvme-process: E * S -> P (a), and three complex-form-processes E * h -> Ell (b). E * I: -> El: <cl and E ♦ H ♦ L 
-> EM: (d), , where li = P> , and 1: = P:. and where (d) have different Kii and Ki: than (b) and (c) (the K .1 or (d) 
= a*Kii. and the K i: of (d) = |i*Ki:. where a and (J are cooperat.vity-coefficientsV 

- Cumulative or partial inhibition is when each end puxiuct is a partial inhibitor, and a saturating lend of on. 
alone cannot drive the velocitv to zero. Each of 1 1 or I: alone, either increases the Ks of S (partial competitive 
inhibition) or decrease kd of E (partial non<ompet.tive inhibition) or both (partial m.xed-type inhibition , 
True cumulative inhibition results in the second case, where the total inhibition tactor is il * n * .: 0 ->■ • 
This tvpe of reversible competition is best modeled by three different bioProcesses: * 7 " 
P(a).^ndnvocomplex.form.processes:E*l»*l:->El,l: (b).and E ♦ S . I. ♦ !:-> ESI,l2(c), where.aland c) 
have the same Ks and (b) and (c) have the same Kii and Ki:. It may also be represented by one enzyme-on-c^ 
comprising enzvme.r. substrate.r. inhibitorl .r and inhibitorlr. and three bioProducts < E * S * Il ♦ I. •> I 
Hit ♦ ESIll: 1. with its matching standard kinetic equation. 

- Concerted or multivalent inhibition is when both end products have to be present to be inhibitory, and either 
alone has no eftect on E. It means that either EI.I: does not bind S or ESIll: is mactive. It may be recreated in 
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two alternative ways, either by: 1) two bioProcesses: one enzyme-process: E + S -> P (a) and one 
complex-form-process E + li + I: -> EI1I2 (b); or 2) one enzyme-process: E «■ S ♦ ll + 12 -> ESlil: (c) . In both (b) 
and (c). the matching standard kinetic equations include a term to represent the concerted effect or" Ii and 1:. that 
is proportional to the Concentration of li multiplied by the Concentration of I: . 

- Additive inhibition implies the presence of two distinct enzymes or catalytic sites, each sensitive to only one of 
the feedback inhibitors. This type of reversible competition is best modeled by three enzyme-processes: a) E + Si 
+ S: •> P; b) E + Si + S:+li -> P; and c) E + Si + S: + I: -> P. It may also be represented by one enzyme-process 
comprising enzyme.r, substratel.r, substratelr, inhibi tori. rand inhibitor2.r,and one bioProduct (E + Si + S: 
i- h + I: -> P + EI1I2 ♦ ESI1I2 ), with its matching standard kinetic equation. 

• Sequential inhibition is when downstream of El and Si, one product Pi inhibits enzyme E: and another product 
P: inhibits enzyme E> of another pathway of utilization of Si. When both Pi and Pi «*are at high levels. S\ 
accumulates, and Si may also inhibits El. This type of feedback inhibition is best represented visually by a 
combination of the appropriate bioProcesses, as described above, in parallel and in sequence as required. 

• Lumped Enzymatic Pathways: In occasions, it may be desirable to model a pathway, such as an enzymatic 
pathway, for which: a) the details may be unknown or not desired, b) only the inputs and the outputs are 
relevant, and c) sufficient quantitative or qualitative information is available about the rate limiting enzvmes 
and the inputs. Because of metabolic and energy/ mass conservation constraints, only a few of their net 
conversion rates are independent variables, and the others are mutually dependent, various of those reactions 
can be combined and the pseudo-steady-stete approximation of the combined process can be used instead. For 
these cases, the currently preferred embodiment of this invention provides enzyme-bioEngines classes with 
templates and stubs for two or more enzymes, and which formulas consider only those enzymes, together with 
the substrates that are inputs to the pathway and the products that are outputs of the pathway, ignoring the 
intermediaries and other participating enzymes. 

• Black-box-bioProcesses: The metabolic pathways of cells and organisms are composed of a large number of 
chemical reactions and compounds, tliat, assuming normal physiological conditions, maintain the steady-state of 
the system. To simplify the overall structure of the system, in the currently preferred embodiment of this 
invention many of such metabolic pathways are considered as a black box with inputs and outputs connected to 
other modeled pathways or two other black boxes, and are generally not modeled. The black boxes are 
considered, until better defined, as a collection of constitutive bioEnttties interacting under steady-state 
conditions. If and when it is desired to model disturbances at specific points in the pathway, the black-box can 
be split into the pathway before and the pathway after (both of which remain like black boxes) . and the segment 
ivhere the disturbance occurs to be defined and modeled. 

0 B Handling Challenging Aspects of Modeling Complex Systems' Behavior 

• Modeling Internal Mechanisms of Cells 

- The transfer of molecules from compartment i to compartment j does not happen at once, but rather folknvs j 
Caussian distribution, which may be modeled using the corresponding model-block to from which the 
translocation-rate would be dependent. The bioEngines have also a "time-lag" attribute, defined as the time 
interval between the availability of the bioReactants to the biol'rocess and the the availability of the 
bioProducts to the next bioPool. which can be used for processes where translocations or molecules or cell:* are 
involved. The analytic equations for the distribution of bioEntities in consecutive pools, are a function or the 
initial concentration of the first bioPool and the corresponding translocation-rate constant < k) and time-delavs 
(d), respectively, of the successive bioEngines. For example, to model the series of translations of proteins 
through the several compartments in which they are processed after their synthesis, with the system of this 
invention, the modeler would clone from the Palettes set of bioReservoirs and bioProcesses of the appropriate 
types o represent the different terms of the following equations, which are then transferred to the appropriate 
compartments, connected and configured, and desired values are given to the model parameters. Translation 
rates between compartments could be expressed as translocation half-times, defined as : t j nu = ,n K nu>- 
where K nu is the rate constant for pnKessing in the nucleus or the rate constant for transport from the nucleu* 

to the ER, or both lumped together. For steady-state balanced growth, where u*0 and rp<t) is the rate of 
transcription in the nucleus (molecules /hour /cell): |RNA| nujj (t) = rp(t)/K nu . The additional equation? that 
follow are similar to those proposed for cell cycle-dependent protein accumulation by Bibila ir Flickinger. 
(1991). Biotechnology and Bioengineering 25: 767-780. and have to be adapted for use in the simulation 
formulas of the svstem of this invention which takes a dvnamic approach: 

- iX^.iX^IX^^e-^^dhisisER) 
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. ; X ,| = «,/«, • IX^' (e-^^V^'r M (krki). where ' =^1 <' his is ^ 

- ixi - §X2/§X, • |X,Io- (-(e- kl,r -D/ki ♦ (e- k2 * 1 ' -D/kl>/ »2*1 >- «*« f-Ki,^ (this is extraceil 
comp. tor secreted proteins) 

- On manv occasions, the newly generated molecules are secreted, while on other occasions, the newly generatec 
molecules are retained in the cell, either to maintain housekeeping functions, winch are usually included ,n the 
steadv-state and no implicitly modeled, or they result in new cellular functions, in wh,ch case, its mechan.sms 
are graphically modeled, tf mis response results only in proliferation, the inference engine may momt •* -the 
simulation of 'the cel. mechanisms, and based on the values of certain variable or sets o, v»M,^ ^caUy 
activate the next phase^ompartment in the cycle. However, if the response results ,n cellular d.fferent.at.on, the 
mference engine activates a different cell-bioModel. if such exits, that represents the new stage ot 
differentiation, or will send a message to the user otherwise. 

. The different bioProcesses in a cellular bioModel may be activated for different periods of time, it placed within 
sequential time compartments, but they will be overlapping with many other bioProcesses contained m the ^ 
Sphase-compartment. which are not deactivated during a Simulation. BioReservoirs that may be part.c.pate 
in two different sequential rime compartments are preferably located and contained within the 
C0-phase<ompa7tment, to maintain the continuity and to carry over the values ot .ts concentranon / density / 
scaled-amount from one sequential discrete time compartment to the next. These temporal compartments 
represent somewhat defined cellular phases with different activities. 
- Mechanisms that are well studied in one animal species can ^interpolated in the pathways o. other spec,es 
where the pathwav mav be less understood, such as in humans, by cloning the submodel containing the 
bioReservoirs and bioProcesses from the first species and transferring to the appropriate compartment or the 
second, and then renaming and reestablishing the appropriate connections. For instance the genes that 
participate in programmed cell death or apoptosis in the nematode C. elegans have been identified, and . 
a^ears that ccT 9 acts bv inhibiting «M or c«M activ ity. Since the human bcl-2 ,s also ^m e when inserted 
intoC. elegans (Vaux et al.. Science 258: 1955) and it is also believed to be the homologue <*<** an »>™ 
equivalent for that for the interactions of c.d-9 with ced-4 or ced-4 can be also constructed for bcl-2 w.th 
ced-3-like or ced-4-likc. 

. BioPools that represent points of entry for non-physiological substances, such as drugs or synthetic ago nists , 
antagonists or inhibitors that are not produced within the cells, at the compartment where ,. » first introduced 
have the following characteristics: a) they receive their values only from external sources, such as a 
simulation-panel, initially, the concentration equals the external input, and therefore I inputs = entry \ ah*; b) 
thev have a basalConcentration value of 0. c) they have no schematically modeled inputs, d) e) they may have 
several schematically modeled outputs, through modification, and translocahon-bioPnvesses .n addmon u the 
decay term that represents diffusion, degradation and dilution, and e) the quantity yanables of those b.ol ools 
ca^no, obTain vail higher than those inputted by the user, bu, may get smaller over time due to the outputs and 
the decav factor ( | As|^ + I outputs) S |entry|). When that compound is modified or translocated to another 
compartment, the latter s is a regular bioPool. but still constrained 

• Modeling Cell Population Dynamics 

- There ,s a number of wavs of modeling and simulating cell population dynamics, using this invention^ number 
of attributes defined for the classes ceUReservoi, cellPool. cell bioModel. and other b,oOb,««s can be used u> 
hold parameters and variables to be used for that purposes. Following the teachings o, th.s mvennon other 
attrib^es can be similarly defined and used to better meet any parncular b.olog.cal system to be modeled, or 
hypothesis that a user may want to test, or to meet the needs for any monitoring or control system that u>e tho* 
biological models. Some examples are presented beiow 

- The state transitions are represented in the system of this invention by translocation bioProcesses between two 

each containing entities in the former and in the laner states, a, a rate tha, *<^*£'* «" " 
three approaches: a) mechanistic approach: ^probabilistic approach; or c> determ.n.st.c approach. 
. in the mechanistic approach, the rate of the translocation process w,ll be 
chamiin* values of certain variable orcombination of variables, .mpl.c.tly modeled .ns.de an .nd.cated 

some threshold va.ue<s,. With mis approach, the high-level models 
Z "L mechanistic models, representing both the spatio-temporal integration in a srngl ece, Mj* odeT the 
quantitative dau about populations of such cell modeled. This mechanic approach ,s curren.U d,t.,,ut. to 
Iplemen. for the particular domain selected for this invention. s,nce there is not sufficient information 
av ailable. This approach can be implemented w.th better known systems m other doma.ns. 
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- For some simplified in vitro biological systems, such as oocyte extracts, a mechanistic approach is used to model 
a transition which mechanism is known or expected, such as the role of the interplay between cyclin-B2 and the 
phosphorylated and dephosphorylated forms of the cdc2- kinase in the transition from the C2 to the mitosis 
phases of the cell cycle. The rate of increase in the number of cells with a cdc2'*cyclin (cc)level greater that 0 in 
a given cell cycle phase *= fraction or cells in that phase (Gj) * (the rate at which celts within that phase reach a 

cdc2**cyclin level ([cc|d) greater that e • the rate at which cells with cdc2**cyclin level greater that o leaves 
that phase ): 

- The following is an example of how a simplified mechanistic approach can be implemented. The rates of growth 
in eukaryotes and the rates of translocation from one cell-state-pool to the next can be represented as a linear or 
non-linear functions of the concentrations of specific molecules, such as external regulatory factors, regulator}' 
enzymes, and total and specific mKNAs. For example, if a limiting protein L determines the transition from one 
time-compartment to another, then the expression of the mRNA for L could regulate that transition. Furthermore, 

the growth-rate u can be represented as a linear function of the concentration of a given specific mRNA , and the 
rate of mRNA transcription can be represented as a non-linear function of the concentrations of two or more 
growth factors (or other regulators), or it can be assumed to be a combination of growth associated and 
stimulus-dependent kinetics. In turn, the steady state values of all enzyme synthesis rates and the total specific 

RN A level are a function (linear for RNA) of the steady-state specific growth-rate u. The total RNA can be 
used as a measure of the growth resources of the cells, since the ability to increase a stimulus-induced specific 
sRNA is limited by the amount of synthesis proteins, which in turn is limited by the amount of total RNA. 
Because the relatively high rate of RNA turnover and thedilution effect of cell growth, the |sRNA| responds 
immediately to a removal of the stimulus-effector. With an increase of the samulus-effector, the rate of increase 
of |sRNA| is controlled by a time constant which is inversely proportional to the total RNA of the cell (Copella 
dcDhurjati 1990. Biotech. Bioeng. 35:356-374). With the system of this invention, the modeler would clone from 
the Palettes set of bio Reservoirs and bioProcesses of the appropriate types o represent the different terms of the 
following equations, which are then transferred to the appropriate compartments, connected and configured, 
and desired values are given to the model parameters. The following equations have to be adapted for use in the 

simulation formulas of the system of this invention, (u « k x * (|mRNA| - |mRNA|o)-> (1 /h) = (gX/gRNA) * 

(gRNA/gX/h); x * k x /( u ♦ k x *|mRNA|o/lX]), where k x is the rate constant for mRNA transcription 

(gRNA/gX), t is the time constant (gX/gRNA), and |mRNA|o/|Xl is the specific (mRNA) at u*0. The growth 
rate can also be viewed as the sum of all rates in one simple anabolic pathway divided by the total mass 

(growth from glucose in bacteria): M=(Irj)/[X). The number of generations: <t> » log(2)((X - Xo)/Xo)) 

- ^C^W^/Z'VxJdx- C^e^'flccl 01 ^)' /. C1 (o) - r(C r >S) ♦ 6(x)dx), where /. G1 (x) and Wxjare 
the frequency functions describing the cc content distribution for cells in C] and Gj ->S transition, respectively. 

and r<Cj->S) is the rate constant that describe that transition; r(Cj->S) = u / Cj* (N ( i - C2 * S); r(S->Coi = 

u / 5' (N 0 ♦ C 2 ); r(C 2 ->C 1 ).|i/C 2 'N 0 

- The following equations are examples of how overall rates of synthesis can be used to implement hlack-Kixe*. 
where each of those equations provide the value for the Velocity of the black-boxes to be represented by the 

corresponding type of bioProcesses: for IFN-a-> IL2 : rs(TF-IF\-a) = ki *[IFN-a|and rs(niR\.A.lt;) « lc * 

|TF-IFN-a| ( or rstmRNA-lU) = U k* |IFN-a| / U k* (lFN-tt|* k>;); rs(!L:) = k? * |mRNAlL2|. 

• By using the concentrations variables of sol-mol-pools, expressed as moles per volume units rather that per cell, 
tt would not be necessary to adjust the steady-state concentration with growth for constitutive enzymes, since it 
is assumed that both increase at the same rate, while for regulated enzymes, the dilution effect is more apparent, 
since it is not paralleled by synthesis. In the current implementation focusing on regulator)' processes, since 
most of them take place in the form of large molecular complexes, highly localized in some parts of the cell, it 
would be more meaningful to use the defined density variables (molecules per cell). To synchronize the 
simulation from the intracellular to thecellPool level, the quantities of all the bioPools of extracellular 
molecules are halved at each cell division transition. In addition, specific rates are rates per cell, and total rates 
are specific rates multiplied by the cell density. Specific cell components may increase throughout the cell cycle: 
a) continuously at a constant rate, b) at a rate that doubles when the DNA is replicated, c) at a progressively 
increasing rate which follows fist-order kinetics, or d) discontinuous! y, according to a sequence or events 
which changes the rates in a complex partem. 
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- When the mechanisms are unknown, a deterministic approach may be taken with the transitions modeled as a 
time^lependent events. As shown in Fig 2. the cell-phase compartments, which areholders of mtdharuitK 
models^ have an attribute "interval" to hold information about the experimentally observed duration o, 
that phase of the cvde. which can be used during a simulation-run to deterministieally deactivate such 
subworkspace when that period of time has elapsed since the subworkspace was activated, or whenever any 
tvpeof known constraints are met. in the deterministic approach, the rate of the translocation process .s denned 
bv a rate constant, which mav have a constant predefined value, or its value may be variable and set at run-hme 
bv a simulation formula, an expert rule, or procedure, such as one that reads the phase's "mterval ,ust 
described, or it can be modeled bv a model-block. The transfer of cells from cellPool . to cellPool , does not 
happen at once, but rather follows a Caussian distribution, which may be modeled using the corresponding 
model-block. 

, Following is an example of a high-level representation of the effect of some drug on cell growth, when there is 
partial mechanistic knowledge available, but where most of the many other steps in the pathways leading from 
me external drug to the regulation of cell growth are unknown. In a system where enzyme Xl produces a soluble 
substance c which is used in the formation of active enzyme X:. If X, and Xz represent me total amounts of Xi 
and X: contained in n cells, and if X: is the component which, upon reaching a threshold, determines the 
occurrence of cell division, so that n * ttXz, where 0 is a constant, then, assuming steady-state, when c remains at 
a steady concentration and therefore the formation of X: is proportional to (X»l), follows that: d(d/dt = 
A(Xt/n) - B{Xi/n)(c| - Qc| = 0. (1) where A, B, and C are constants. From (1) it can be said that c = 0 Xt /X:, 
and following a set of derivations it results that the growth rate is: k = d(ln n)/dt = d(ln Xz)/dt. If now c 
decreases from the action of some drug, then Xz which is proportional to Id decreases. The cell growth rate 
dn/dt = V> dXz/dt will also decrease. The effect of thedrop in c is an increase in Xi relative to Xz, until a new 
level of Xi is reached that restores the cell growth rate to its initial value. In the representation used in this 

invention: , , v . . ^ 

- the 1st term is represented bv an enzvme-bioProcess corresponding to the formation of c by Xi. where the 
enzvme-bioReactant would be connected to the bioPool of Xl. the substrate-bioReactant would be connected to 
the'bioPool of the precursor of c, and the bioProduct would be connected to the bioPoolofc; 

- the 2nd term is represented bv an complex-formation-bioProcess corresponding to the consumption ot c m the 
formation of X: from c and other subunit(s), connected to the appmpriate bioReservoirs; and 

- the3rd term could be represented, depending on the specific biologic mechanism to be modeled, by: a) a 
complex-formation-bioProcess corresponding to the consumption of c in the formation of a complex leading to 
the loss of c bv degradation bv a ubiquitin<iependent mechanism, connected to the appropriate bioReservoirs; or 
b) a transUKarion-bioProcess.'representing other mechanisms of loss of c. such as by diffusion, connected to the 
appropriate bioReservoirs; or c) implicitly represented by the degradation<oeff within the tormula that 
determines the current amount of c. which includes a term with default degradation. 

. in this svstem. the scaled-amount set of variables is used, because what is relevant for the behavior ot the system 
are the relative value of Xz in relation to its threshold, which determines cell division, and the rano between 
Xi/Xz which regulates the rate of production of X:, and not their absolute amounts. 

- the value of the number-of-cells attribute of the cell-bioModel that contain those bioProcesses and the.r 
corresponding bioReservoirs. is doubled when the scaled-amount of the bioPool of X: reaches the threshold, and 
at the same time, Xi,Xz are halved while |c) remains constant. 

- The above example is an oversimplification, and in factmuch more .s currently known about the mechan.sms 
ttiat determine the initiation of mitosis, in which complex interdependencies are involved such as the equivalent 
of X' a complex, regulating not onlv the rapid increase in its production by a positive feedback loop upon the 
equivalent of Xi. but also Xi regulating its destruction by activating an enzyme in the ubiquit^ependent 
mechanism, and X: regulating its inactivation by activating another enzyme that converts Xi back to c. In 
general in the absence of diffusion, the simple case that might produce organization in time is that of two 
concentration variables. Xi and Xl. where the value of each is dependent on the value ot both, such as when: 
d[Xil/dt = vi (XOC:); and dlX:l/dt = v: (XU:>. 

- Other high-level phvsiological events can be modeled in a similar manner, such as considering different cells 
subsets (Te. neutrophils) changing compartments (intravascular -> interstitial space during mflammat.on) as 
induced by cytokines (i.e. TNF-o. which is produced upon activatum by macrophages. neutrophil*. 
T-lvmphocvtes. natural killer cells and mast cells), in chemotactic-biol Wsses. The time-period that a cell 
subset stays in such a compartment depends .n part on the express.on of adhesion proteins (such as E-selectm 
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ELAM-1 ) or 1CAM-1 by endothelial cells, which expression is induced by TNF-a), that will be components or 
;eii-interaction-bioProcesses. 

* Modeling Progression through Different Cell States: The Cell Cycle and Cell Differentiation 

• Each cell-phase has two attributes called the Generation-number (<t>) and the Number-of-cells (N, per volume 
unit). At each cell division at the mechanistic level, that is, when the subworkspace of the M-phase compartment 
is deactivated and optionally the subworkspace of the CI -phase compartment is activated, predefined expert 

rules set 0> * 4> +1 and N=2n for each cell-phase of that cell-bioModel. Another attributes called Mass-per-cell 
(X), can optionally be given a value and used to calculate specific values as a function of cell mass, in which 
case predefined expert rules (Table 78) set X » X/2 for the Co-phase, and the CI -phase if applicable, of that 
cell-bioModel, and then the value of that attribute would be modeled as dependent on time or as dependent on 
any other variable^), such as the concentration of some specific mRNA(s) or protein(s), until reaching.again a 
value of X or close to X. In turn, the value of X can be used to adjust other quantities or to control the activation 
and deactivation of the subworkspaces of each successive cell-phase of that cell-bioModel. making it dependent 
on cell-size. The equivalent at the population level at mitosis is that n cells from the M-phase bioPool are 
translocated to the CO-phase (or the CI -phase depending on the situation) bioPool while multiplied by 2, so that 
the C0YCl)-phase bioPool receives 2n cells. 

- F1C.13 is a representation of the mechanistic approach, and attempts to represent on paper what can be 
achieved dynamically at run-time applying the innovations of this invention. -If Ave assume that a cell is in 
Co-phase state and focus on that state's sub-workspace (1301), and there we assume that variables represented 
as 2 and W have received the values z and w. respectively, then following the implementation described in this 
invention, a rule will be invoked (1102) that will activate the subworkspace of the CM-phase (1303) 
compartment. Activation of G1.1-phase.sw implies that all the variables and parameters encapsulated within 
the bioObjects contained upon that subworkspace will be available to the simulator, and the data flow can now 
continue through any branch of the pathways represented there, therefore, upon required events being 
satisfied, such as Z and VV reaching certain thresholds -which could be an effect of binding one or more growth 
factors to their receptors on the cell membrane-, the cell makes a transition from the CO to the C1.1 phase. The 
subworkspace of the CI .1 -phase remains activated during the whole simulation run because it contains all 
those bioProcesses that are not cell cycle specific. Focusing now on the simulation of the Cl.l-phase (1303), 
two expert rules could be invoked, saying that "Whenever variable A receives a value a > ol then activate 

CI .2-phase.sw" (1304), or "If X and Y receive values x > a2 and y > o3 then activate Differentiated-Cell.sw" 
(1305) and depending on which one is invoked first, either the subworkspace of the C1.2-phase (1306) 
compartment or the subworkspace of the Differentiated-Cell.sw (1307) compartment will be activated, since the 
subworkspace of the Cl.l-phase (1306) compartment will be deactivated by another two expert rules that state 
that "Whenever the subworkspace of the C1.2-phase (or Differentiated-Cell) is activated then deactivate the 
subworkspace of the Cl.l-phase". This way of reasoning apply to the other cell-phases as well, with the 
difference that the options vary for each cell-phase. For example, the C1.2-phase (1306) and S-phase < 1308) may 
be committed to only one option, with the time for progression to the next phase being determined by one ruie. a> 
shown, while the C2-phase (1309) and M-phase (1310) have two options, and which one will be activated i- 
controlled by two rules, as described above. One of the options, Apoptosis (1311) is a dead-end stage, 
representing regulated cell death. While in M-phase (1310), a live cell's program tells it, before or during cell 
division, to continue proliferating, in which case one or both the daughter cells entering again the CI .1 -phase, 
by activating the subworkspace of the Cl.l-phase, or to exit the cell-cycle, in which case the simulation 
continues with only the Co-phase. Note that the options for each one of the cell-phases have been predefined by 
the characteristic number of stubs for each subclass . 

- The dynamics system diagram in that figure is used to represent that the defined attributes of the subclasses or 
cell-phase contain a variable that allows to keep track of the proportion of the cells, from the original number 
on Co-phase, are progressing through the phases of the cycle, as an alternative to build a model with a set ot 
bioReservoirs and bioProcesses. This variable can be modeled using a probabilistic or mechanistic approach. 
In a probabilistic approach for representing cell-phase distributions, a balanced growth type of cell population 
is characterized by such distributions, which is a time invariant property even if their total number increase 

exponentially with a constant specific growth rate u. Each of the subsets of that population, which represent 
different cell-phases, and which can also be represented as separate cellPools in the system of this invention, 
increase in number at the same specific rate and are also characterized by time invariant property distributions, 
which is represented by the "typical-fraction" attribute of each of the cell-phases. At some steps during a 
simulation, the alternative cell -phase compartments that could follow may exclude each other at the single cell 
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level, but not at the cell population level so that different subsets of a population may follow different paths, 
with the distribution depending on the strength of signaling events generated within the simulation itself. 
Therefore, the simulation of the value of this variable could be modeled to represent the probabilistic 
distributions, independently of which subworkspaces are activated first following the mechanistic approach 

- As shown in F1C.32, If a cellular response results only in proliferation, the simulation of the population cell 
dynamics involving bioPools of cells in different states, results in cells that keep translocating from bioPool to 
bioPool, each representing a different one from a discrete number of states, resulting in cycles through a 
closed-loop set of cell-state bioPools. one of those . However, if the response results in cellular differentiation, 
it generates branching to a new closed-loop set of cell-state-pools. 

- FIC.32 shows how a cell populations approach bioModel can be build to model the translocation of cells 
between the major states considered, as mechanistically represented by the defined subclasses of cell-phase, by 
creating and connecting a set of bioReservoirs and bioProcesses, as the example detailed in the figure shows. 
Although the cell cycle is a continuous one, it can be compartmentalized into functional cycle intervals 
whenever it is deemed useful to better represent the dynamic simulation of the system. The initial state is the 
resting state, represented by the cellPool Cell-Xl-Go (3201 ), which contains ceils of type XI (or in 
differentiation stage X1) in the Co-phase. That cellPool may receive inputs (3202) from various sources, 
represented by bioPaKesses in which cells are added to the resting pool after having been activated or cycling 
as the result of a varietv of factors, and its outputs (3203) may contribute also to a variety of such bioProces se>. 
such as the one that will be here described. While at Co-phase, if the cell is activated (3204) by a growth factor 
(3203), antigen or any other activating stimulus, the cell enters the activated state or CI .1 -phase (3206) and 
added to the corresponding bioPool (3207). From that bioPool (3207), all the cells may follow one of the two 
different options, or different cells may follow different options for the next cell-phase, depending on the type 
and strength of the signals received, either: a) following the cell cycle (3208) if certain growth factor(s) (3209) 
are sufficiently present, resulting in cells XI in C1.2-phase pathway (3210) and added to their correspond in g 
bioPool (3211), or b) following the cell differentiation pathway (3212) if certain differentiation factor* s) (3213) 
are sufficiently present, resulting in cells X2 in CI. 1 -phase (3214) and added to their corresponding bioPool 
(3215), and these cells will now follow a new set of . Each of the cell types will be then running in parallel, 
with their own set of bioReservoirs and bioProcesses. The same reasoning applies to the rest of the system, as 
detailed in the figure, which will not be further explain, only to say that and the end of the cell cycle, in the 
cellEngine (3216) that returns cells from M-phase (320* ) to CI .1-phase (3206), has not only a translocation 
function, but in addition, given that the "stoichiometric-coeff" of cell-Xl-Co is 2 while the 
"stoichiometric<oeff" of cell-Xl-M is 1, it doubles the number of cells to be added to the cell-Xl -Co-pool 

- In fast growing organisms, the dilution factor resulting from cell growth is represented by u, while in slow 
growing cells direct enzyme degradation is more important, since the levels of many enzymes in animal cells 
controlled bv the balance between enzyme synthesis and degradation, called turnover. The synthesis of an 
enzvme is a zero-order process, while the degradation usually has a tirst-order kinetics (proportional to the 
concentration of enzymes. 

• It is very difficult to measure directly the rates of change of different cellular components at the single cell lev-el 
A modeling framework requires at least data from measurements a bout the distributions of single-cell 
components in growing cell populations, and at the time of cell division and birth, which in some ca>e? can 
obtained by multiparameter flow cytometry. 

* Growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell cycle. 

- The growth rate in terms of nel rate of protein accumulation in single cells in each phase of the cell cycle 
can be calculated, for balanced growth cell-populations, based on the measured distribunons of singte<ell 
protein content in the total cell population. Similarly, net rates ot accumulation of any specific protein as well 
as anv other compound or property can be calculated whenever the properties and their distributions can be 
measured on a single cell basis, such as with multiparameter flow cytometry with gating features, that permit 
direct correlation with the cell-cycle phase. Kromenaker and Srienc (19V11 defined balanced growth-cell 
populations as those characterized by: a) the total cell number increasing exponentially with time according to 
a specific constant mean growth rate, and b) the total cell population and any of its sub-populations having a 
rime invariant single-cell property distributions. They developed equations to represent the dynamics of a given 
protein content range in an individual cell cycle, and after deriving restrictions that apply to the rate constants 
jnd substituting those in the original equations, the obtained expressions for the growth rates for each 
individual cell cycle. The transformation of this model into the graphic language proposed in this invention, and 
the incorporation of those equation-, is an example of a currently preferred embodiment of this invention, whicn 
i> explained in more detail in Exhibit Ml 
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• The transition between different time-compartments may also be made a function or* cell size, or its equivalent 
total-protein content, both of which are attributes of cell-bioModel. At the population level, the transfer of 
cell-units from the bioPool of cells in CI. 1 -phase to the bioPool of cells in Cl.l-phase is also based on the value 
of such attributes. For example: the rate of increase in the number of cells with a protein content greater than a 
given value p in CI, which may be established to delimit the Cl.l-phase from the C1.2-phase compartments, 
equals the rate at which cells with a protein content greater than p enter Cl-phase + the rate at which cells 
within Cl-phase grow into the class of cells with a protein content greater than p - the rate at which cells with 
a protein content greater than p exit the CI -phase. 

• Additional sub-phases can be analyzed whenever appropriate landmarks can be observed to define additional 
transitions. To represent a specific form of cell death, which is highly regulated and known as programmed cell 
death or apoptosis, a separate rime-compartment is defined in this system, which is equivalent to a cell-cvcle 
phase compartment but with the difference that has a dead end and does lead to a next compartment but rather 
eliminates cells that have passed through certain specific combination of events. In addition, an additional term 
representing the rate of exit from each cell-cycle compartment via other types of cell death may be introduced 
into each of the population balance equanon*. 

• In this system, in general it is assumed that cell division is symmetric, and that total protein is conserved at cell 
division. The CI -phase is bounded by cell birth and initiation of DNA replication; S-phase is bounded bv the 
initiation and completion of DNA; C2-phase is bounded by the completion of DNA synthesis and the initiation 
of mitosis; and the M-phase is bounded by the initiation of mitosis 3nd eel! division. At balanced growth, each 
subset of cells in each cell cycle phase increase in numbers at the same specific growth rate as the overall 
population. The rate of entry into the CI phase is twice the rate of exit from the M phase. Addition jI phase 
compartments can be added whenever other transition landmarks can be measured, as well as the cell 
distributuHi at each side of the transition. The following can be used as the equations to mt>del the rates: rc:c; = 
k * No / C:o. ra* = k MNo + C:o + So) / Cto, rSc: » k * (No ♦ C20) / So, where No is the number of cell in the 
total populjtion at some reference time, and No « C10 ♦ C:o ♦ So at this time 

- The currently preferred embodiment of this invention deals with different stages of cell differentiation, each 
representative of a characteristic set of behaviors, as separate pools of cells. All the cells in a pool have 
identical behavior and, again, in the system of this invention when one refers to an instance of a cell with a 
particular phenotype it does not mean an individual cell but rather a pool of equal cells that is characterized bv 
its behavior and also by a cell-number and a cell-density. We have also considered previously cases where 
individual cells grow and differentiate in response to specific signals provided when environmental factors 
activate specific receptors that initiate a signal transduction pathway within the cell. However, different cells 
respond by following diverse pathways in response to an identical signal and this specific response depends on 
the history of that cell. For example, ervthroid cells could be allotted to three pools with phenotypes 
naracten/ed by the presence of two cell differentiation surface markers CD34 (a glycoprotein ) and CD71 (the 
transferrin recepton: a ) CD34* include most immature ervthroid progenitor cells; b) CD71 ,inv include* 
intermediate stages; and ci CD34"CD71 ni F n includes most mature ervthroid progenitors. Each of this 
populations have different predominant form of the erytropoietin receptor, and respond in different ways to 
erytropoietin: CD3-T express a truncated form of the receptor and respond by proliferation, while 
CD34*CD71 ni £ n respond by differentiation and are protected from apoptosis or programmed cell death 
(Nakamura et aL Science 257. 1138-1141. 1S*2). In the currently preferred embodiment of this invention, the 
particular history of each cell pool is reflected in the specific bioModels as determined by the particular 
procedures to be followed, which are encoded in the corresponding attributes of the bioObjects that are 
components of that cell's specific bioModels. 

Navigation and General Modes: Exploring and Queering the Virtual Models 
a) Menus and Panels 

• The domain-menus associated with the Navigation Mode and the Ceneral Mode, the default user mode tor u>er- 
with no modeler or developer rights, comprise the headings: "Help & Mode Menus", "Structure Librarie>". 
"Pathway Libraries", previously discussed, and "Panels", which options include panels ot various type* u>ed 
to access tasks that are not initiated from one single bioReservoir or bioProcess, or their components, but which 
are either application- wide or including more that one starting points. 

• One of the panels is the Initializanon Panel is used to request the initialization tasks associated with e.ich ot 
the buttons. Here we will discuss the methods associated with each of those buttons. An initially rule (Table 
97) causes this panel to be automatically displayed when the pmgram is started. Selecting the "Menu" button 
colls the basis-men u-head<allback (Table wK) which causes the creation of the specific domain-menus, bv 
calling other procedures defined within the Shell and, depending on the current value of the u>*r-mode of the 
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wmdow from which the reauest has been made, it passes as argumen t the name the menu-structures specihc tor 
^cxT A menu-svstem-temo.ate b a facility provided by the SMI ** allows to bu,ld permanent des.gns ot 
cor^ctedstructuresormenu-templa^ofdifferen, classes, each conrespor^inptoa d.fte^t menu^tK,n.and 
each containing attributes that hold information about the "label" to be displayed by such menu °P™**« 
name of the procedure «o be invoked, and depending on the class of such menu ob^ct. ,t may ^ ™» 
of the object which subworkspace is is to be displayed, or the name ot a new menu system to b. 
an option is selected from the menu, the procedure named in ,ts corresponding template ,s started, winch may 
takeas arguments the values of some of those other attributes. The domain-menus are trans.ent sets ot 
workspaces and messages that are dynamically created mirroring the ordered design ot the named permanent 
menu-structure, 

. Selecting "References Scroll" displays the the subworkspace of the References Panel discussed below. Select 
"Structure Queries" creates a clone of Master^eneral-Strucrure^uery-Panel and displays its subworkspace 
discussed irTmore detail below in relation to FIC.30. Selecting any of the "Experiment Setup « d.splays the 
subworkspace of the corresponding "Experiment Setup Panel", which are variously mod.hed clones ot the 
Master-Experiment-Setup-PaneLoneof which will bediscussed in more detail under the Simulation Mode 
heading in relation to FIC.35, since part of the capabilities provided within this type ot panels can be used 
under the Ceneral Mode, and all the capabilities can be used in Simulation Mode. 

M Initialization 

. Selecting the "Navig lnit button calls the navig-init-callback, which in turn calls the navig-init-proc (Table 
*) which results m the activation of the subworkspace* of all bioProcesses and b.oReservo.rs (wh.ch are all 
deact.vated when the application is .nitially started), and then successively calling the tollowmg V™*"™ 

- the br-initialization-proc tTable 100) sets the appropr.ate values of the "master-bioReservoir Mtr.bu.e ot aU 
bioReservoirs. highlights the tlag<olor region of the ,con of those b.oReservoin . thai have -warnings .sets the 
appropriate values of the "ref-bioprocess" attribute of all bioPool-posts ot all b.oReservo.rs. and e>tabl ls he> 
aHihe appropriate "a-down-bioProcess-of" and "an-up-bioProcess-o." relarions between bioProcesses and 
bioKeservo.rs. making then those changes permanent (note that relanons are transient and cannot be made 
permanent, and therefore they are lost when the application is restarted). 

- the bp-inirializanon-proc (TablelOl) changes the color of the type-color region of the .cm ot each b.ol roce» to 
equal that of the bioEngine it contains, sets the appropriate values of the "mas.er-bioprocess attnbute ot each 
bioProcess. highlights the flag-color region of the icon of those bioProcesses that have "warnings . sets the 
appropriate values of the "ref-bioreservoir" attribute of all bioRole-posts ot each b,oProcess. establishes 
"an-upstream-bioResenoir-of" and "a^ownstream-bioReservo.r-of" relanons between certa.n pa.rs ot 
bioReservoirs that are separated only by one bioProcess. and establishes "an-upstream-b.oProcess^ and 
•a-downstream-bioProcess^f" relations between certain pairs of bioProcesses that are separated only by one 

. the downstream-chaining-proc (Table 102) completes the downstream cha.n.ng process by extend.ng tho* 
relations to distant bioReservoirs and bioProcesses. by establishing the appropriate 
"a-downstream-bioResen-oir-of" relations between any bioReservoir A and each other b.oReservo.r that .> 
pos.t.oned downstream of A in any pathway, and establishes all the appropriate 

"a-downstream-bioProcess-of" relations between any bioProcesses B and each bioProcess that .s pos.t.oned 
downstream or B in anv pathwav. 
. the upstreanKhainin^proc (Table 103) completes the upstream chaining process by extend.ng those relat.ons to 
distant bioReservoirs and bioProcesses. by establishing the appropriate "an-upstream-bioResen o.^t 
relations between anv bioReservoir A and each other bioResemur that is pos.t.oned upstream ot A in any 
pa^av. and establishes all the appropriate "an-upstream-bioProces^f" relations between any b.oProcesses 
Band each bioProcess that is positioned upstream of Bin any pathway. JU . K< ^ , w ,w. ^ 

- the b.omodel.initiaUzahon.proc (Table 104) scans each bioModel tor other conta ned b.oModel*. h.ol W s >es 
ind bioReservo,rs. going down the subworkspace hierarchy, and establishes the follow.ng re.at.ons hem een 
nv Nation ohhem: bm.ontained-in between a bioModel and a ^^^^^^L 
bioProcess and a bioModel. and br-contained-in between a bioReservo.r and a bioModel (Table 47>. Tho* 
relations are .mportan, for all further process.ng. and are used by the newly denned query pnxedures. 
navigation procedures, and simulation procedures described below. 
. A rule (Table IIS, monitors the application a, run t,me. and whenever the user moves a bioModel the rule starts 
me bU,mode1-ws<heck-pr,K. whS checks whether the bioModel has been moved to a different workspace. ,„ 
wSich ase t calls the remove-biomode.-contain.ng-proc .Table 1 IV). to brake the old re.at.ons that no .once- 
Ip^. aTd calls th, Nom l Kle,-in..ia.i,at.on-proc (Table 104. to establish the new Rations. The upstream and 
downstream relates are also created and broken a, run-t.me by a se, ot rules (Table /*, and a paralle. ^ « tor 
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bioReservoirs, not shown) that monitor whenever any such chaining relation is newly established or broken, 
and in response to such events they establish or brake other relations, according to similar criteria, which in 
turn trigger the same rules for a chain of other bioReservoirs or bioProcesses. The use those rules makes sure 
that it a modeler or user deletes a bioReservoir or bioProcess that is part of one such chain of relations, then the 
chain is broken between the elements of both sides on the breaking point. Similar sets of rules are used for 
establishing relations whenever new connections between bioReservoirs and bioProcesses are made by the 
modeier. 

• The "Add Query" button is to bv selected only after the "Navig Init" was been successfully concluded. If 
changes to the database have been made by the modeler since the "Navig lnit" was last concluded, or if the 
application has been restarted, then the "Query Init" button should be selected. The common purpose of both 
buttons is to organize knowledge about the structure of all the bioEntities in the application, and to create a set 
of structures to hold that knowledge, to be used any time that the user request a predefined query that involves 
that kind of knowledge. Selecting the "Add Query" button calls the add-query-callback (Table 105), which in 
rum calls the two procedures that follow. Selecting the "Query Init" button calls the query-in it-callback (Table 
106), which in turn calls the navig-init-proc (Table 99) and the two procedures that follow: 

• the et-inirialization-proc (Table 107) scans the loaded application for every copy or each named 
complex-bioEnrity, and then assigns a value to the "id" attribute of each such copy that is equal to the name of 
such bioEntity complex-bioEntity ended by the copy number. Copies are numbered consecutively, in the order 
found, with the original being -0. 

• the init-query-tables-proc (Table 108) activates the subworkspace of the Query-Arrays-Bin and deletes any old 
array upon it, and also deletes any old list upon the Query- Lists-Bin, and then call the following procedures: 

- the find-bioenhty-definitions-proc (Table 109) scans the Bioentities-Defs-Bin, which contains all the object 
definitions of all the subclasses of the class bioEntity, and tor each of those subclasses it calls the 
create-query-array-proc (Table 110) which creates a query-array, sets its "major-class" attribute equal to the 
name of the superior-class of such subclass, sets its "ref-component-class" attribute equal to the name of such 
subclass, and sets its "name" attribute equal to the name of such subclass followed by the ending -query-array, 
and transfers such query-array to the Query-Arrays-Bin at a location specific for each superior-class; 

• the create-query-lists-proc (Table 111) creates a query-list to correspond to each query-array in the 
Query-Arrays-Bin, and transfers the list to the corresponding location upon the Query-Lists-Bin, sets its 
"ref-array" attribute equal to the name of such array, and sets its "ref-component-class" attribute equal to the 
"ret -component-class" attribute of such array; 

+ then, for each of those lists and for each bioEntity of the subclass named by the "ref-component-class" of such 
list, it calls the find-named-bioentities-with-component-proc (Table112) which in turn, if such bioEntity has a 
name it directly calls for such bioEntity the procedure that follows, otherwise it calls first the 
find-named-bioentityproc (Table 1 13) to scan the hierarchy of bioEntities superior to such bioEntity, until one 
is found with a name, in which case, it now calls for the named bioEntity the procedure that follows: 

- the seek-bioenrity-copies-proc (Table 114), inserts the argument bioEntity in such list, and then scans the 
application for any copy of such bioEntity, and if any is found then it loops back for such bioEntity by calling 
the Hnd-named-bioeMities-with-component-proc (Table 112) mentioned above, which will repeat the cycle back 
to this pnxedure, as described, until the various loops for each bioEntity of every list are completed. 

- When this process is completed, the list for each bioEntity subclass contains, with no duplicated elements, all 
the named bioEntities that contain one such bioEntity, either directly or by reference. To give an example, that 
means that if a named prc>tetn in stance- A contains a protein-motif instance-B, then every named protein 
compiex-instance>C that contains an unnamed copy of instance-A (which does not itself contain a copy of 
instance-B, but rather points to its master-bioEntiry, instance-A, which contains instance-B) will also be 
included in the list of all bioEntities that contain a protein -motif. After all such lists are completed, it calls the 
following procedures: 

• the complete-query-table-proc (Table 115) simply transfer the values of the elements from each of those lists to 
their corresponding arrays, by fist setting the length of the array to match the the length of the list, and then 
setting the text of the initial -values attribute of each array' to equal a text string that mentions all elements of the 
list separated by commas, as illustrated in the example-listed in Table 116, which shows a pair of corresponding 
instances of a query-list and a query -array of the subclass sup-et-array, which list named instances of 
bioEntities that contain an a -helix-mot if. which in this small demo application consists only of a few 
master-structures from the library. In the table of attributes listed, the initial-values attributes is displayed, and 
the list of elements of either the list or the array can be displayed by selecting the "describe" option of their 
menus. 

- the crea re-auxiliary -query -a rrays-pn>c (Table 117) adds a few empty arrays corresponding to the no-selection 
options of each query panel, which are simply programming aids 
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• and to conclude it deactivates and activates again the subvvorkspace of the Query-Arrays-Bin for the purpose 
ji initializing the query-arrays upon activation, which means that the elements ot the array take the values 
given by the set initial values. 

. The "Icons Init" button calls the init-icons-callback (Table 118). which function is not essential for the 
functioning of this svstem. but which provides a very useful cosmetic function, by realigning the tracers in the 
subworkspaces of bioReservoirs and bioProcesses and making their connections invisible. Selection ot this 
button is not necessarv even- time the application is started, and it can be selected any time thereafter, when 
problems are detected', in anv mode other than Simulation Mode (where those subworkspaces may be 
deactivated). The same effect is achieved for individual bioReservoirs or bioProcesses by slightly moving and 
repositioning their bioPool or bioEngine, respectively, which triggers their respective icon-movement rules, as 
defined in Table 79. which also apply to repositioning the bioRole-posts any time a bioReactant or biol'roduct 
is moved. 

. Selecting the "Init All" button calls all-init-callback (Table 118b), which in turn calls the all the initialization 
procedures mentioned above, and selecting the "Hide" button calls the hide-workspace-callback, which hides 
this Panei. 

c) Navigation 

. In this invention, navigation refer to the domain-specific tasks of displaying and hiding either related bioObiec«> 
or their subworkspaces. The concept of related object include varum* types of associations, including some that 
are permanently stored in the knowledge base, as defined by etther graphic or distant connections, or 
containment in subworkspaces at anv level in the hierarchy, and some that are transient such as relations, 
which are established and mav be broken at run-time (note that in the system of this invention it is also possible 
to store run-time versions or snap-shots of the application, which also include transient objects, such as 
relations). Navigation tasks mav may be performed in any mode, but Navigation Mode has that name because 
the behavior of certain object classes, including the classes bioReservoir. bioProcess. and complex-bioEntity. i> 
restricted to do just that. This means that a navigation task is automatically performed upon clicking on the 
instances of anv such classes, instead of displaying a menu with various other options as well, and therefore all 
those other tasks offered bv the other options are not available in this mode. Therefore, a user in Modeler or 
General Mode mav want to quickly switch to Navigation Mode when intending to do just that, because it is 
much faster, for example when exploring and navigating through the pathways, and then switch back to the 
other mode to perform other tasks. Navigation tasks are usually simplified, in the following discussion and 
elsewhere in this tiling, bv expressions like "selection of A starts proc-B which displays C", but in reality these 
process do more than that in this invention, selection of A invokes proc-B which takes as arguments A (the 
,tem» and the current window, and causes C to be either displayed or hidden on the current window, depending 
on the value of the " toggle-state" attribute of A. and in addition, the icon appearance of A is configured, 
switching between its pressed or depressed configuration, respectively, and the value of the "toggle-state" 
attribute of A is alternated between on and off. In such cases. A may be either a button or any of the hioOhects 
that has a subvvorkspace. which in this regard behave similarix 
• F1C 30 will be described to summarize some of those navigation tasks when in Navigation Mode, while also 
referring to the definitions of the methods involved listed in the Appendix. Note that any navigation ia,k that 
d.rectlv performed in this mode, mav be performed in any other mode as well, but depending on the r r*v,ou>l> 
defined das* restrictions for each mode, they may have to be selected from the menu instead, requiring two >tep« 
rather than one. Selecting anv bioProcess in Navigation Mode .mplies selecting its "details" opnon wh.ch 
starts the details-bp-proc (Table 120) which displays its subworkspace. in the same way that selecting any 
bioReservoir implies selecting its "details" option which starts the details-br-proc (Table 121). resulting in the 
subworkspace of the bioReservoir being displayed or hidden, depending on whether the value ot the 
• toggle-state" of the bioReservoir is hide or show, respectively. With both procedures, the icon, ot the tracer> 
on the corresponding subworkspace are restored to their default relative positions betore such iU bwork>r-o,e 
is displayed. 

. Note that when selecting the details option of any bioProcess that has a master-bioproces* but has no 
subworkspace. conditions which when combined are characterise of a copy bioProcess used .n the creation o, 
Pathwav, causes such first procedure to call the bp-master-details-pmc (Table 120) which in this ca~ display- 
or hides' the subworkspace of the original (master) bioPmcess. in addition to configuring the icons ot both the 
original and thecopv bioProcess to their pressed or depressed appearance, respectively. In a s.m.lar way. when 
selecting the details" option of anv bioReservoir that has a master-bioReservoir but has no subworkspace.^ 
characteristic of a copy bioReservoir. causes the first procedure to call the br-master-deta.ls-proc (Table 1.1 , 
which in thi< case di<plavs or hides the subworkspace of the original biiiRwervoir. .n addition to cont.cunn- 
the !Cons of both the original and the copy bioReservoirs to their pressed or depressed appearance. re>pect.v ely 
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• BioEnirines do not have subworkspaces by default, by the modeler can create one, as described, to store tabular 
runctions. In such cases, a "show-sw" option is available, and selecting such bioEngines in Navigation Mode 
implies "show-sw ", which starts the show-bioengine-sw-proc which displays or hides its subworkspace (not 
shown) and toggles the configuration of its icon. 

• The behavior ot complex -bioEntities in Navigation Mode is similar, as shown in FIC.18, where selecting any 
bioEntity (1808, 1813, 1815, 1817, 1819, or 1821) implies selecting the "details" option which starts the 
et-details-proc (Table 122) which displays or hides its subw, nkspace (1809, 1810, 1816, 1818, 1820, or 1822, 
respectively) and toggles the configuration of its icon. The combination of this option with the 
go-to-sup-obj-button (1825) upon each subworkspace allows to navigate up and down in their workspace 
hierarchies. 

• Selecting any bioProduct-post (71 1 ) or any bioReactant-post (703), in General, Navigation, or Simulation 
Modes, implies selecting its "show-br" option which starts the rolepost-show-br-proc (Table 123) which 
displays the subworkspace (714 or 705) of the bio Reservoir named by their "ref-bioreservoir" attribute. 
Similarly, selecting any bioPool-r-post (704) or any bioPool-p-post (712) implies selecting its "show-bp" option 
which starts the poolpost-show-bp-proc (Table 124) which displays the subworkspace (402) of the bioProcess 
named by its "ref-bioprocess" attribute. This option is only available in the menu when the bioPool-post has a 
name. Selecting the go-to-sup-obj-button (with triangle) on the subworkspaces of each bioObject displays its 
superior object, while selecting the hide-sup-ws-button (with cross) hides its workspace . The combination of 
those capabilities allow to follow all the distant connections through the pathways of bioReservoirs and 
bioProcesses, and also up and down in their workspace hierarchies. 

• Selecting any model-box (511, 516, or 517) in General, Navigation, and Simulation Modes, implies selecting its 
"show-sw" option, available only if the model-box, which starts the show-model-box-sw-proc which displays 
or hides its subworkspace and toggles the configuration of its icon. This option is used to access the 
model-block upon that subworkspace. 

• Other important navigation task performed through the menu in any mode, include the "bioentity" option (Table 
125) appears in the menus of bioReservoirs, btoReactants and bioProducts only when the "ref- bioentity" 
attribute of the bioReservoir has a value different from the default value of none, and upon selection of this 
option by the user, or hides, depending on whether the initial value of the toggle-state attribute of the 
bioReservoir is hide or show, respectively, the subworkspace of the bioEntity named by said ref-bioentity 
attribute. Note that the "ref •bioentity" attribute is defined only for the class bioReservoir, for storage economy, 
and the menu options of btoReactants and bioProducts refer to that attribute when connected. However, thi* 
attribute can be defined for those other classes as well, allowing access to a bioEnrity independently of a 
bioReservoir. 

d\ Structure Related Queries 

• There are two maior groups of Queries: a General -Query is based only on structure and is application wide, 
while a BR-Query is in reference to the bioReservoir from which it was initiated, to be described below in more 
detail. The Query Panels are built hierarchically, with each radio-button from the first Selection Panel leading 
to another more specific Query Panel, where now the user can compose a selecnon and then initiate the Query 
Note that the word Panel is frequently used in a more general sense to refer to the subworkspace of an instance 
of the class query-panel. 

• A General-Query may be requested by selecting from the "Panels" menu head the "Structure Queries" option 
which calls theCTeate-general-structure-selection-panel<allback (Table 127), which in rum clones the 
Master-General-Stnjcture-Query-Panel, stores it in the Temporary -Pan el -Bin, configures its radio-box with the 
aid of the set-radio-box-id -proc (Table 128) and displays its subworkspace. The user may now use such Panel 
to select any radio-button from its radio-box, which calls the select-genera I •structure-selection-panel-call back 
(Table 129) with such burton as one of its arguments, which in turn: a) gets. the value of the radio-button 
selected, and depending on the value of the "on-value" attribute of such button, clones the corresponding 
master-panel, then calls the create-general -query-panel -proc (Table 130) with such value and the new panel 
among its arguments, which in turn completes such panel by scanning the panel for the presence of specifically 
labeled radio-boxes (related sets of radio-buttons) and configuring the radio-boxes with the 
^ewadio-box-id-proc (Table 12#), and b) displays the subworkspace of the new panel. 

• The user may now use that Query Panel to select any combination of one radio-button per radio-box and then 
selecting the "Query" button calls the query-general-srructu re-callback (Table 131), which in turn calls first the 
query-general-strocture-proc (Table 132), which scans such panel for the presence ot specifically labeled 
radio-boxes and then calls find-specihc-array-pn>c (Table 133). with such label as one of its arguments, to find 
the value of the selected radio-button and the matching array within the Query-Arrays-Bin (those arrays are 
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created during the Query Initialization process, as described in the initialization section above). An auxiliary 
scroll-text-list is created and, if only one radio-box is present in the Query Panel then the elements of the 
corresponding array are transferred to such list. If two radio-boxes are present in the Query Panel, then two 
such arrays should be found, tn which case the merge-two-structure-lists-priK (Table 134) is called, which 
srans those arrays to find the common elements, which are transferred to such scroll-text-list. An specific 
text-string is developed to include references to the selected options and to the outcome of the search, which is 
then given as a value to a free-text structure which is displayed as a heading for the results of the search. The 
callback calls then the create-general-query-output-panel-proc {Table 135) with such scroll-text-list and 
free- text among its arguments, which creates an output panel by cloning the 
Master-Molecular-Query-Output-Panel, then creates a scroll-area to display the elements of such 
scroll-text-list, and transfers to the subworkspace of such output panel both the free-text and the scroll-area 
listing the results of the search, which is them displayed. The user can now use such scroll-area to interactive] y 
display or hide the structure of any number of bioEntities named by the options listed, as described below. 

e) Pathway Related Queries 

♦ FIC.30 illustrates an example of one of the several types of predefined Pathway Related Queries that the user 
can perform by just selecting the desired buttons from the options offered in the panels. All the searches 
generated from this type of panels include bioReservoirs located anywhere within the pathways that are either 
upstream or downstream, depending on the selection, of such initial bioReservoir, and also the bioEntities 
referred to by anv of those bioReservoirs. Those upstream or downstream queries can be further restricted by 
the type of roles that those bioReservoirs play in different bioProcesses, as defined by the major classes of 
bioReactants to which their bioPools are distantly connected, which is referred here as function-related search 
In complex queries of mixed type, such bioEntities can be further restricted to those containing any particular 
component, similar to the Structure Related Queries described above. In such cases, the methods pertinent to the 
pathway search are applied first to generate the pathway-related set, followed by the function search, which is 
applied only to the pathway-related set and generates the function-related set, and finally the structure search, 
which is applied only to the function-related set, or to the pathway- related set if no function search has been 
selected, and generates the structure-related set. The structure search applies only to the bioEntities for the 
purpose of displaying the results, in the sense that all bioReservoirs that meet the selected pathway, and 
optionally function, requirements are listed in the scroll-area listing the bioReservoirs, regardless of whether 
th'ev meet any of the bioEntity related criteria. This implementation is currently preferred because the 
"ref-bioentitv" of a bioReservoir is an optional attribute, and it is expected that many of the bioReservoirs will 
not have a corresponding defined bioEntity. This alternative provides a more complete search in terms of 
relative position and function of bioReservoirs, without being influenced by the implementation of an opnor.. 

♦ The*; tvpesof Query may be requested in two different ways: a) from a bioReservoir (3001) by selecting fnmi 
its menu (3002) the "query panels" option (3003); or b) from the subworkspace a bioReservoir by selecting the 
query-tracer (132?) connected to the bioPool. A query-tracer is a subclass of list-tracer (Table 30) which 
election implies selecting the tracer's "show" option. Each of those options starts the 
create-br-related-selection-panel-callback (Table 138), which creates a clone of 

Master-BR-Molecular-Query-Panel. configures it, and displays its subworkspace (3004), the Pathway Query 
Selection Panel. Configuring this panel and any other panel that follows during the processing of br-related 
queries alwavs includes to set the value of the "related-item" attnbute of the panel equal to the name of the 
bioReservoir from which the query was initiated, and this name is passed along when a new panel is originated 
from such panel. That is, any callback invoked from a button of a panel, takes the name of the bioReservoir from 
the "related-item" of the panel upon which subworkspace it is located, and passes mat name as an argument 
when calling other procedures. 

• The user may now use that Pathway Query Selection Panel to select any radio-button (300?) from its radio-box. 
which calls the select-br-related-query-panel<allback (Table 139) with such button as one of its arguments, 
which in turn: a) gets the value of the radio-button selected, and depending on the value of the "on-value" 
attribute of such button, clones the corresponding master-panel, then calls the set-br-related-query-panel-priK 
(Table 140) with such value and the new panel among its arguments, which in turn configures and complete^ 
such panel with the set-radio-box-id-proc (Table 128), and displays the subworkspace (3006) of the new panel, 
a Pathway Querv Panel. This panel is composed of: a) the title (3022) which specifies the type of search bem- 
made from that panel and names the bioReservoir (3023) that is the point of reference for the search; lM the set or 
radio-buttons (3024) of the radio-box labeled "direction", defining the two possible alternatives; c) the set ot 
radio-buttons (3025) of the radio-box labeled "function", which defines the possible alternatives available tor 
function, which in this case we only show a small but important subset that is of high relevance to >cienti>ts. di 
the set ot radii>-buttons (302M ot the radio-box labeled "motits". which defines the possible altemattve> 
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j variable for subclasses of protein-motif. Many other possible sets of radio-buttons, such as those of the 
radio-box labeled "location", which defines the possible alternatives available for subcellular compartments, 
are not shown. 

• The user may now use that Pathway Query Panel to select any combination of one radio-button per radio-box. 
Selecting the "Upstream" option (3007) calls the upstream-query-lists-callback which in turn calls the 
upstream-function<)uery-lists-proc. Selecting the "Downstream " option calls the 

downstream-query-lists<allback (Table 141) and then the downstream-function-query-iists-proc (Table 142), 
which do the following: a) it first calls repeatedly the create-br-query-list-proc (Table 143) to create a set of 
two lists per each predefined type of function, one to contain names of bioReservoirs and the other the names of 
bioEntities; b) then, it loops over all bioReservoirs that are upstream (or downstream) and scans for their 
connections to certain classes of bioReactants, which define their function, and enters their name in the 
corresponding one of those bioReservoirs lists, for example, if the bioPool of a bio Reservoir is connected to both 
a kinase.r and a transcription-factor.r, then the name of such bioReservoir will be added to each of the two 
corresponding lists, so that a bioReservoir may be named in more than one function list, but is not duplicated 
within one single list; and c) for each pair of one of those bioReservoirs lists and its corresponding bioEntities 
list, it calls the fill-br.et-list-proc (Table 144) which scans all the bioReservoirs in the fist list for the value of 
their "ref-bioentity" attribute, which if available is added to the second list. All those lists, to be used by the 
procedures described below, are associated by a relation to the panel from which they are created, are valid 
only for the bioReserv oir giving the related-item of that panel, and are deleted when the panel is deleted. 

• The user can now select any combination of one radio-button per radio-box, such as receptors (3008) and 
^strand-motif (3009), and then select the "Query" button (3010) to complete the processing and display the 
results of the query. The processing from the "direction" button is independent and previous to the processing 
from the "Query" button, and if the user selects the "Query" button before the "direction" button, then 
processing cannot ocurre, because the lists do not exist, and an error message is displayed to the user to that 
effect. Selecting the "Query" button calls the query-br- related -callback (Table 145), which first obtains the 
values of the selected radio-buttons of the "direction" (3024) and "function" (3025) radio-boxes, and then calls 
the get-br-runction-list-proc (Table 146) with those values among its arguments, which uses those values to 
obtain and return the corresponding set of two lists from the bioReservoirs lists and bioEntities lists created 
and filled in the previous processing, as discussed above. Such bioReservoirs list is going to be used to directly 
pass its values to the bioReservoirs scroll-area for final display, while such bioEntities list is going to be used 
as the basis for the complex further processing that follows. 

• The callback scans now the Panel to find whether there are structure related radio-boxes, such as the 
"domains" radio-box in this example, in which case it calls the query-br-structure-lists-proc (Table 147) with 
those previous values and the bioEntities list among its arguments, which does a complex processing as 
following: a) it finds the label of such structure related radto-box(es) and calls findrspecific-array-proc (Table 
133) to find the value of the selected radio-button for such box(es), such as 8-strand-motif (3309), and its 
matching array(s) in the Query-Arrays-Din (as described above in the Structure Related Queries section); b) it 
there is only one structure related radio-box, like in FTC .30, then it calls merge-br-funchon-structure-proc 
(Table 148), or if there are two structure related radio-boxes it calls merge-br-function-structure-srruaure-proc 
(Table 14V), passing among its arguments the values of all selected radio-buttons, as well as the corresponding 
bioEntities list filled earlier, and the array(s) now round. These procedures create a new list, the bioEntities 
scroll-text-list, and then, taking into consideration the type and value of the arguments: a) they select a text 
specific for each situation, to be displayed as a title for the results, b) they call the br-fill-etl-list-proc (Table 

1 50) or the the br-fill-double-*tl-list-proc (Table 151 ), which enter the common elements of both the bioEntities 
list and the array(s) in the scroll- text-list, and c) they return the text and the scroll-text-list to the previous 
procedure from which they where invoked which in turn returns them to the callback. 

• The callback passes such text to a free-text structure, and finally calls the 
create-double-query«output-panel*proc (Table 152) with the bioReservoirs list mentioned in paragraph t). the 
bioEntities scroll-text-list, and their two corresponding free-texts among its arguments, which creates an output 
panel by cloning the Master-Molecular-Query-Output-Pane! and stores it in the Temporary -Panel -Bin, then 
transfers the two free-texts to it, creates two scroll-areas to display the elements of each of those lists in a 
scrollable and interactive format, and calls the complete-br-panel-proc and complete-br-panel-prix: (Table 1 ?2). 
which configure those scroll-areas and transfers them to the subworkspace, which is them displayed (301 1 * 

• The user can now use the Pathway Query Output Panel (3011 ) so created to scroll through the lists 
bioReservoirs and bioEntities that are the output of the query. Selecting and unselecting any option of such 
scroll-areas allows to interactively display or hide subworkspace of the named structure by calling the 
query- message-selection-proc or the query-message-unselection-proc (Table 136), Each of the titles (301 2i are 
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airectlv related to the scroll-area below them and vary with the results of each part of the search, and they may 
win naming those groups or buttons where not selection was made, or indicate that some search or part ot the 
search was emptv. The scroll-area (3013) on the top shows the bioReservoirs that meet the direction and 
function requirements, which are those named by the options listed, and selecting any of its options (3014) 
displays the subworkspace (3015) of the named bioReservoir. The scroll-area (3017) on the bottom shows .he 
bioEntities that meet the combination of direction, function and structure requirements, as selected, which are 
those named bv the options listed, and selecting any option (3018) displays the subworkspace (3019) of the 
named bioEntitv. Those structures displayed can be used to navigate in any way previously descnbed, 
including up and down the pathways from bioReservoirs (3015) to bioProcesses (3016) and so on, from 
bioReservoirs or bioReactants or bioProducts lo their bioEntities as shown in FIC.30. or up and down the 
workspace hierarchies (3020. 3021), bv combining the variety of tools and methods previously described. A_- 
before all the Pathway Querv Selection Panels, Pathway Query Panels, and Pathway Query Output Panels are 
dynamically created and transient, and when the search is completed they are no longer needed and they are 
deleted, as well as their associated lists, by selecting the "Delete" button (3309), which calls the 
delete-query-panel-callbacL 

More complex queries can be performed with an additional Master-BR-Molecular-Query-Panel with four 
additional options, to include queries previously described in combination with an additional constraint 
criteria the location of the bioReservoirs selected by the previous criteria within the ditterent cell 
compartments. Selection of any of those new options displays the corresponding Query Panel, and in this new 
set of Panels the "Downstream" and "Upstream" radio buttons are associated instead with the 
downstream-function-location-callback (Table 153) and upstream-mnction-location-callback. respectively, 
which call the downstream-UKarion-query-lists-proc (Table 1 541 or its upstream equivalent. Those procedure, 
in turn call some of the procedures previously described and also call the find-compartment-proc ( Table 15r) 
The user mav additionally select anv combination of one radio-button each from the radio-boxes ottered in each 
particular panel, and then selecting the -Query" button now calls the query-br-related-location-callback 
(Table 1 <*) which in mm. depending on the boxes available on the particular Panel, calls one ot an alternative 
set of procedures, which in turn call other procedures, as specified. The reader is further referred to the listing* 
in Tables 157 through 169 for the details of such complex processing that is difficult to describe, and which 
uses a similar approach and methods as those previous described to create a new set of lists and to merge lists 
with bioReservoirs meeting the different criteria. 
. The underlaying slwll loads the desired application modules on memory for run time operations, but it is able to 
merge and remove modules while the system is running. Since the inference engine s reasoning and search space 
is limited to tho*e modules that are loaded, it is necessary to create a mechanism to allow tor searches in 
modules that are not vet loaded on memory. This is accomplished bv maintaining in the repository module an 
object called the querv-arravs-bin. which holds in its subworkspace a set of item-arrays tor intelligent dynamic 
merging and removal of the modules required at particular times, particularly when searching through the 
b.oEnntv-module and In order to allow for searches in a modularized application. Those contained-.n-moduie 
arravs are built following similar methods as those described here tor bioModels. The ditterence •> that a new 
*t ot relation is defined, of the series -contained-in-module. and an initialization procedure that loops over all 
the workspaces of each loaded module, finding out the value of their assigned-module. and then looping over all 
the bioModel Libraries upon each workspace, and over all the bioModel* upon each bioModel Library, ana 
the continuing with the methods described in the previous secnon 
f) Interactive Lists and Pathways 

. In addition to the various querv methods previously described, th.s invention provides several other took and 
methods to enable the user to extract the knowledge build entered into the system by the modeler, in addition to 
the new knowledge created by applying the methods of this invention to analyze and integrate the knowledge 
provided by the modeler. 

. One of those capabilities is provided by means of the "list copied menu option (625) defined lor the cla>- 
complex-bioEntitv. which upon selection calls the et-list-cop.es-callback (Table 1701 which crea.es a 
<croll-.ext-list and then calls the list-local-bioentities<opies-proc (Table 171). which in (urn scans all the 
bioEntities of the same major subclass as the one bioEntity from which the request originated to nnd it the 
master-bioenhtv of anv of then matches the name of such bioEntity. in which case the value or the id attribute 
of each of those' copies ,s added to the list. If there is any element in that list, then the callback crea.es an Ou.pu. 
Panel bv clonin* the Master-Local-Bioentity-Copy-Panel. create, a specific t.tle and a scroll-area which are 
then added to the Panel and contoured, and finally the Panel is displayed. This Panel looks like the Query 
Output Panel .3011) discussed above, with a different t.tle. Select.nc and unseating any option ot such 
<roll-area call e.-cop.e*-message-s*lect,on-proc or the et<op.es-me,sage-unselect.on-proc I Table 1 / xvh.cn 
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interactively display or hide the subworkspace of the structures referred to by their "id", rather than by name. 
This also provides an example of how, in genera I, instances of bioEntities As we'll as bioKeservoirs, 
bioProc esses and bioModels, or any other structure, can be referred to by the value of any attribute, rather than 
by their names, which have to be unique and sometimes inconvenient, but they can be avoided. Referring to 
attributes, defined for such or any other purpose, also allows to refer to groups of instances within a class, 
without having to refer to each individual member of the group. 

• Another novel teaching of this invention is the capability of creating lists of downstream and upstream 
bioReservoirs and bioProcesses. By selecting the icon of any of those lists, the user can display on a workspace 
the elements of that list, which are pointers to all the bioReservoirs or bioProcesses that meet the criteria set for 
each specific list and each pointer further allows to either display the table of attributes of such object, or 
displays the object itself upon its workspace, as described in more detail later (FIC.34). Navigation can be now 
initiated from those objects as well as any other tasks described in this invention. This capability is accessible 
through the "show lists" options from the menus of bioReservoirs f3023) and bioProcesses (3103), which 
appear in the menus only when they are named and their subworkspaces are activated, as well as from the 
list-tracers in their subworkspaces, as described beiow. 

• As illustrated in FICs. 30 and 31, chaining-tracers (Table 30) are iconic programmed objects connected (3030) to 
a bioPool, or to a bioEngine (3105), where they are used to control the dynamic creation and display at run-time 
of a set of such lists of either bioReservoirs or bioProcesses that are either upstream or downstream of the 
bioReservoir upon which subworkspace such list-tracer is located. The "show" option (Table 31) is defined 
tor the class list-tracer and is inherited by all its subclasses, including BR-chaining-tracer and 
BP<haining-tracer. Selecting any such list-tracer by the user implies "show", which starts the 
list-tracer-handler-proc (Table 31), which configures the buttons and depending on the subclass or list-tracer, 
calls either the BR-chaining-proc (Table 173, also started upon selection of the "show lists" option of the 
bioReservoir), or the BP-chaining-proc (Table 174, also started upon selection of the "show lists" option of the 
bioProcess). The major actions performed by both of these procedures comprise: a) if the list- tracer already has 
a subworkspace, then it is displayed with its contents, otherwise a subworkspace for the BR-chaining-tracer or 
BP-chaining-tracer, respectively, is created by cloning the subworkspace of the p rebuilt master structures 
BR-Chaining- Lists or BP-Chaining-Lists, respectively, which in both cases contain two sets of four predefined 
lists each, one set (3107) is meant to be used in any user mode, while the second set (3108) is to be used in 
simulation mode and contain elements from the first set that have been activated as a result of their inclusion in 
a simulation model (to be described in below), and then such lists are displayed; and b) those lists are populated 
having as point of reference the bioReserv oir or bioProcess from which they were requested, by using for each 
list of the set the following criteria: the elements of DBPL and 5DBPL are downstream bioProcesses, the 
elements of UBPL and SUBPL are upstream bioProcesses, the elements of DBRL and 5DBRL are downstream 
bioReservoirs, and the elements of UBRL and UDBRL are upstream bioReservoirs. 

• A further novel teaching of this invention is the capability to dynamically generate displays of interactive 
pathways, where these pathways comprise a chain of downstream, or upstream, bioReservoirs or bioPnKesses 
or both, orderly arranged in a graphic format with connections drawn between them to indicate those that are 
adjacent. By visually following those connections, the user can follow the pathways that indicate a dependency 
relationship between those bioReservoirs or bioProcesses or both. The capability to display interactive 
downstream pathways is accessible from several different types or structures: a) from an individual bioProcess. 
in which case such bioProcess is the point of reference; b) from a Simulation Panel (to be discussed in 
conjunction with FIC 33), in which case a bioReservoir is the point of reference; and c) from an Experiment 
Panel (to be discussed in conjunction with FIC35), in which case one or more bioReservoirs are the points or 
reference. 

• As illustrated in FIC.31, now we will refer to accessing such capability from an individual bioProcess, or from 
icons in its subworkspace that have such specific functions, to display either upstream or downstream 
pathways, and in either case the bioProcess is the point of reference. Up-path- tracer and down -path- tracer are 
iconic objects (Table 28) located upon the subworkspace of a bioProcess (3110 and 3117), where they are used 
to control the dynamic creation at run-time of a graphic display of such interactive upstream or downstream 
pathway, respectively, from the bioProcess from which it was requested. The "show" option starts the 

pa th- tracer- hand ler-proc (Table 2S), which depending on the subclass of path- tracer calls either the 
draw -up-path way-proc (Table 175, also started from the "up pathway" option (3109 from the bioProcess) or 
the draw-down -pa th way-proc (similar to the one above but downwards, also started from the "down 
pathway" option (31 16) of the bioProcess, The major actions performed by each of these procedures comprise 
j i it creates a subworkspace here called a Upstream Pathway Display for the up-path -tracer (3110) by cloning 
the subworkspace of Master-Up-Pathway, which contains a set or prebuilt auxiliary structures. The text or 
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•he title (3111) is changed to refer to such bioProcess. The x-pos and y-pos (3112) are two integer-parameters 
Table 3) used to keep track of the most distant bioProcess added to the Display and which: ») are used by the 
program to compute the position of the next bioProcess to be added, after which their values are updated, n } are 
used bv the program to be compared to defined threshold values that, when reached as the display dynamically 
grows,' trigger a reduction in the size of the display, and iii) may be used also by the user to read the sue ot the 
Display, which mav in occasion get very large, by observing their value as displayed in digital form. The set or 
resize buttons (311*3) allow the user to resize the Display at will, offering the options of full three-quarter, 
half, and one-quarter scale. 

b) it creates a copv of such bioProcess, by cloning it and deleting its workspace, and then transrers the copy to 
the Pathway Display at a specified position (3114), and displays the Pathway Display on the window from 
which it was invoked; and 

c) it calls thecreate-local-up-bp-proc (Table 176) with such original bioProcess and its copy among its 
arguments, which in turn tor each bioReservoir that is an-up-bioReservoirof the original bioProcess rinds each 
up bioProcess that is an-up-bioProcess-of such bioReservoir and then for each such up bioProcess: i) if a copy 
of such up bioProcess alreadv exists upon the Display then it proceeds to iv, otherwise it creates a copy of such 
up (or down) bioProcess, by cloning it and deleting its workspace, ii) it computes a new value for x-pos and 
y-pos, iii) it transfers the copy to the Pathway Display at the new specified position (3615), iv) it creates a 
connection between random locations at the icon of such new (or existing) copy and the icon of the copy that is 
an argument of this invocation of the procedure, and v) it calls itself (Table 176), but now with such up 
bioProcess and its copv among its arguments. Each of these procedures keeps looping and calling itselt until all 
upstream bioProcesses have been processed, and their copies added to the Display and connected. The 
jn-up-bioReservoir-of and a-down-bioProcess-of, as well as the a-down-bioReservoir-of and 
an-up-bioProcess-of, are inverse relations, as previously denned (Table 73), which were established during 
initialization (Table 100) between appropriate pairs of a bioReservo.r and a bioProcess each. A similar s*t ot 
procedures is used to display the downstream pathways from the down-path-tracer 

• F1C.31 illustrates short examples of Upstream Pathway Display (31101 and Downstream Pathway Display 
(3118). The connections are directional, with the directions of the connections above the bioProcesses 
indicating the direction of material flows, that is from the one that is upstream to the one that is downstream in 
relation to each other. The directions ot the connections below the bioProcesses always show the right to left 
direction as a result of the next copy being one that already existed in the display, such as those connections 
that revert to 311V from other posterior copies. Those pathways are interactive, and selecting the "details" 
option (Table 120) of anv of the icons, or changing to Navigation Mode and selecting the icons (3119. 3121), 
displavs the subworkspaces (3120, 3122) of the originals of those copies, which allow further access to any or 
the navigation (3123) and all other capabilities associated with their iconic components, as described 
throughout the description of this invention, and allowing further access to possibly distant parts of the 
application. 

* Pathwavs with onlv bioReservoirs (not shown), or pathways with alternating bioReservoirs and bioProce*^ 
(not shown) can be created with similar methods, using only minor modificanons. In this invention the 
pathways with bioProcesses are preferred because the provide the most information about the interactions 
within the space constrains, while the connected bioReservoirs can be accessed by just clicking on two icons 
Mixed pathways may become very large. 

g) Navigation Panel 

. An interface and methods are provided to constraint all the capabilities provided in regard to navigation and 
displa v of pathwavs, to limit the scope of the search to an space selected by the user based on the ditrerent 
leveU ot compartmentali/.ation. This feature can be accessed through a> a Navigation Panel which can be 
requested from each bioReservoir and is dynamically created with the bioReservoir as the reference point; or bi 
an Experiment Panel. The Navigation Panel is to be used in Ceneral Mode, and is not available in Simulation 
Mode, since the methods do not activate the subworkspaces of the selected structures, as do tho>e assoaated 
with the Simulation Mode, described below. 
. As shown in FIC32, selecting the "navig-panel" option (3203) from a bioReservoir (3201 > calls the 
creat^irection-panel<aUback (Table 1/7) which displays a Selection Panel (3204). Selecting now the 
Upstream radio button calls the select -direction -callback (Table 178), which in this case turther calls the 
create-upstream.navig-panel<allback (similar to Table 179), which calls the navig-create-upstream-lists-proc 
(similar to Table 180). which creates two lists with all of its upstream bioReservoirs and bioProcesses. and th* 
complete-navig-paneKallback (Table 186). which creates a Naviganon Panel (3205) containing a scroll-area 
t VKP) alreadv configured to list all the possible levels of bioModeN. the compartments within the Virtual 
Model in which such bioReservoir or all ot its upstream bioProce^ are contained. The user now has to 
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?eiect the desired scope of the search space by selecting one of those bioModels. By selecting for example in this 
*ase the cvtosol of the Co phase of a fibroblast (3202) and then selecting the LIST button (3207) calls the 
list-navigation-UBP<allback (similar to Table 181), which creates new lists and calls the 
navig-read-up-scroll-proc (similar to Table 182) to populate the new lists, displayed on the Panel (3208), with 
the members of the previous upstream lists that are contained in such bioModel (and all its encapsulated 
compartments). Those lists display the number of elements it contains, alerting the user about the potential size 
of the resulting pathway, and if too large or too small the operation can be reset and a different bioModel, 
lower or higher in the hierarchy, can be selected. Selecting any of those lists (3208) displays (3209) its members, 
and selecting any of those members (3202) allows direct access to the named bioObject (3210) on its original 
bioModel (3211), and displaying its details (3212) allows to further interactively navigate through the 
upstream or downstream pathways of such particular bioObjec;. 

• The user can now select the PATHWAY button (3213), which calls the navig-draw-UBP<allback (similar to 
Table 183), which calls the navig-create-local-UBP<allback (similar to Table 184) to create a 
navig-path-tracer, by cloning a master structure which subworkspace is partially built, which is transferred to 
the Panel (3214) and its subworkspace is displayed and further configured by calling the 
navig-create-local-UBP-callback (similar to Table 184), which actions are similar to those previously discussed 
in reference to F1C.31, resulting in the display of the selected pathway (3215). By selecting any of those 
bioProcesses (321A) and displaying its details (3217) allows to further interactively navigate through the 
upstream or downstream pathways of such particular bioProcess. Selecting the RESET button calls the 
reset-navigati«n<allback (Table 187) which destroys the lists and the navig-path-tracer upon the Panel, 
enabling the selection of a different bioModel and repeat the process, and selecting the DELETE button deletes 
or recycles the Panei. 

4. Simulation Mode: Simulating the Virtual Models 

&\ Initialization 

• The Simulation Mode can be restricted to any desired set of individual users, by packaging the application 
accordingly. The domain-menu comprise the heads: "Pathway Libraries" and " Panels", and allows also 
changing between user modes. Before a simulation can be run, the application must be appropriately initialized 
for such purpose. This is accomplished by accessing the "Panels" menu and selecting the "Initialization Panel" 
option, which displays the Initialization Panel. 

• Initialization is necessary only if the application has been started or reset, or if additions or changes have been 
made in the part of the application to be simulated since the last Initialization. The "Add Simul" button is to be 
selected only after the "Navig Init" was been successfully concluded. If changes to the database have been made 
by the modeler since die "Navig Init" was last concluded, or if the application has been restarted, then the 
"Simul Init" button should be selected, since it comprises the methods of the other two. The common purpose of 
both buttons is to scan the application for the availability of certain values of the bio Reservoirs that define the 
initial conditions required by the simulation, and if those values have not been provided by the modeler, to inter 
those values from other values prov ided by the modeler, and if none of the alternative source of values are 
available, either default values will be used, including symbolic approximations, or, depending on the attribute 
which value is missing, to send messages to the user to provide any of the alternative values and also to provide 
messages to the to be used any time that the user request a predefined query that involves that kind ot 
knowledge. 

• Selecting the "Add Simul" button calls the add-simul-cal!back, which in turn calls the simul-init-proc (Table 
188), while selecting the "Simul Init" button calls the simul-init<ailback (Table 188), which differs in that it 
first calls the navig-init-proc (Table 99), before calling the simul-init-proc (Table 188), which in rum does the 
following: 

a) it calls the send-no-input-messages-proc (Table 188) which scans the loaded application for every 
bioReservoir that has a name but that has no inputs, either in the form of bioProcesses connected to its 
biopool-p-posts, or as input model-blocks connected to its bioPool, and it sends a message to the user tor each or 
those bioReservoirs found with no inputs, as a warning for the user to take appropriated measures if tho>* 
bioReservoirs are to be involved in a simulation. The simulation proceeds also without those values, since 
inputs can also be provided through the Simulation Panel as user inputs, or otherwise the quantity of such 
bioPool will initially be whatever value the modeler has set or the program will set for the basal-quantity 
parameter used, or its default value, and it may or may not be exhausted during the simubtion run; 

b) it creates a set of four lists, which are transferred to the Initialization Panel, and which are provided to 
inform the user about the source of the values for the Scaling-Density attribute of each bioPool. by adding the 
name of each bioReservoir to one of those lists, which elements that meet the following criteria: i) the list 
labeled UNList contains all bioReservoirs which initial-value of the Scaling-Density was provided by the 
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modeler; ii) the list labeled ANList contains all bioReservoirs which initial-value of the Scaling-Density was 
set bv the program to equal the value, provided by the modeler, of the if-scaling-amount of that hioReservoir; iii) 
the list labeled RNList contains all bioReservoirs which initial-value of the Scaling-Density was set by the 
program to equal the value of the if-scaling-amount of a hioReservoir which name was entered by the modeler in 
the ''if-scaling-bioReservoir" attribute of the original hioReservoir; iv) the list labeled DNList contains all 
bioReservoirs which initial-value of the Scaling-Density was was set by the program to equal the default value 
of 100.0. To do so, for each hioReservoir it scans the value of its Sea ling-Density and if it has a non-default 
value it enters the name of such hioReservoir to the first of those lists, otherwise it calls the 
set-scaling-density-proc (Table 188) which sorts and adds the hioReservoir to one of the other three lists, 
following the criteria mentioned above, after setting the value of the Scaling-Density of its bioPool accordingly 

• . The set-scaling-density-proc (Table 190) discussed above is the method used in the current implementation of 

this invention in conjunction with the scaled reasoning used as default. An alternative method for setting the 
values of the scaling-density attribute, to be used when more quantitative information is available for the 
system to be modeled, and in which case the modeler may prefer the mixed absolute/ scaled type of reasoning, in 
which case an alternative procedure, the long-set-scaling-density-proc (Table 189)should be called. This 
alternative method is much more complex but also more specific, and involves the known values of the 
kinetic-parameters of the participating bioReactants for each process. A mixed approach can also be developed 
where if those kinetic-parameters are known then the reasoning of this procedure is applied, and if they are not 
available, then the previous more generic procedure is called. 

• The "Icons Inif button calls the in it -icons-callback (Table 1 18>. which function is not essential for the 
functioning of this system, but which provides a very useful cosmetic function, by realigning the tracers in the 
subworkspaces of bioReservoirs and bioProcesses and making their connections invisible. Selection of this 
button is not necessary every time the application is started, and it can be selected any time thereafter, when 
problems are detected, in any mode other than Simulation Mode (where those subworkspaces may be 
deactivated). The same effect is achieved for individual bioReservoirs or bioProcesses by slightly moving and 
repositioning their bioPool or bioEngine, respectively, which triggers their respective icon-movement rules, as 
defined in Table 81, which also apply to repositioning the bioRole-posts any time a bioReactant or bioProduct 
is moved. 

• Selecting the "Init All" button calls all-init-callback (Table 11V), which in turn calls the all the initialization 
procedures mentioned above, and selecting the "Hide" button calls the hide-workspace<allback, which hides 
this Pane'i. 

• With the alternative way of simulation where the original bioObiects a re used, when selecting Simulation Mode 
from another mode starts the version of thechange-mode-proc shown in Table 7, which causes the 
subworkspaces of all bioReservoirs and all bioProcesses to be deactivated, and during the processing involved 
in activating a submodel for simulation, the subworkspaces of only the bioReservoirs and bioPmcesses selected 
to participate in such simulation will be activated; while when leaving Simulation Mode to another mode 
causes the subworkspaces of all bioReservoirs and all bioProcesses to be activated again. The version of the 
change-mode-proc used with the other simulation alternative, where copies of only those bioObiects to he ur-ed 
are created, does nor contain the lines revering to activation or activation of subworkspaces 

bl Simulation Panel and Procedures 

• Because the applications build with this system can become very large, it is important to have control over 
which parts of the Virtual Model are included in a given simulation. To control performance, two 
implementations are provided with this system, each having advantages over the other depending on the 
hardware facilities available: 

- In the first implementation, the constraining of the simulation space is achieved by using activatable 
subworkspaces for composite bioObiects, such as bioReservoirs. bioProcesses. and certain time-compartment*, 
and bv having all those structures initialized to a deactivated state When the subworkspace of an ohiect i ? 
deactivated, anv structure upon that subworkspace is not seen by the inference engine or the simulator. Only 
the subworkspaces of the desired structures at any given time are activated, and only their contents are 
therefore participating in a given simulation and associated inferences. Methods associated with buttons on the 
entrv-panels used for simulations, and experiments, activate the subworkspaces of bioObiects connected along 
the desired pathways and contained within the selected bioModel or compartment, and this activation 
necessarv for propagating values alomc the pathways. Inactivation of those subworkspaces occur upon 
resetting the selection within those panels. This mechanism is ilso very utile in activating or deactivating entire 
branches of a simulation model at run-time. The efficiency of large scale simulation applications is turther 
imprwed bv having the initiation of the simulation of different subcomponents or the high-level bioModel be 
driven bv events, when appropriate, or bv time intervals. This implementation allows only a single user to run 
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emulations concurrently, since the attribute values of the bioObjects change during the simulation, as well as 
Jie activation state of such sub workspaces. For multiple users, multiple processes of the program have to be 
started. 

• A second implementation is based in dynamically cloning those bioReservoirs and bioFrocesses, or certain 
rime-compartments, required by the simulation, and to use those copies to hold the changing attribute values, 
rather than the originals. In this implementation, the subworkspaces of bioReservoirs and bioProcesses are not 
activatable, remaining always activated. On the other hand, the subworkspaces of certain rime-compartments 
are still activatable, are deactivated when created, and their activation is controlled during the simulation, 
operating as in the first implementation. This implementation allows multiple users to run simulations 
concurrently, each on a different X-window, but increases the burden on the system by increasing the required 
RAM to hold the additional transient copies and to run more than one simulation concurrently. Since the 
system of the current invention is modularized, and the modules can be dynamically up-loaded and 
down-loaded, part of this problem can be solved by up-loading the modules) that contain the originals, creating 
the copies for the various simulations on the top module, and removing the modules that are no longer required 
from the memory, before the simulation is started. 

• A simulation can be initiated from any named and connected bio Reservoir in the Virtual Model, from the 
bioPool of such bioReservoirs, or from the bioReactants and bioProducts connected to such bioPools. As 
shown in FIC.33, selecting the "simul panel" option (3303) from the desired bioReservoir (3301), which is only 
available when in Simulation Mode, calls the crea re-input- type-proc (Table 190) which creates one of two 
types of entry-pane! by cloning one of the prebuilt master structures and displays the subworkspace (3305), 
called a Simulation Selection Panel, depending on whether the subclass of bioPool involved represents soluble 
or bound bioEntities (Concentrations or Density inputs, respectively). Either Panel (3304) prompts the user to 
select the type of input, and the choices offered are combinations of absolute or scaled values with one-time or 
periodic inputs. Selection of one of the radio-buttons calls the select-input-panel-callback (Table 191), which: 
a) according to the user's selection it calls one of a set of specific procedures, including such called in this 
example, the create-periodic-relative-input-panel-proc (Table 193), which in turn creates and partially 
configures one entry-panel of the specified type by cloning one of the several prebuilt masters; b) it creates two 
lists and then calls the fm-br-downstream-lists-proc (Table 194) to search the application for all bioReservoirs 
that are downstream of such reference bioReservoir, as defined by the relations established during the initial 
initialization as described earlier, and fills the DBR list with those bioReservoirs, and then do the same for the 
downstream bioProcesses to be added to the DBF list, and uses those values to configure the scroll-area, as 
discussed above in relation to FIC.32; and c) it calls complete-input-panel-proc (Table 192) to complete that 
panel and display its subworkspace (3305), called here a Simulation Panel. Each of the entry-panels is related 
to the bioReservoir, or the bioReservoir referred by the bioReactant, from which the request was originated, 
that is, the related-item attribute of the entry-panel newly created is a pointer to such bioReservoir. The 
difference between the one-time or periodic inputs types of Simulation Pane! is that the latter has two additional 
entry-boxes to allow the user to enter the time interval for subsequent entries (3309) and the number of 
subsequent entries (3308) at such intervals of the amount indicated by the entry value (330ft) and starting at the 
indicated time (3307); b) the difference between the absolute or scaled inputs types of Simulation Panel is that 
die entry value in the former is given in some unit* standardized throughout the application while the latter is a 
dimensionless value; and c) the prebuilt panels contain the overall layout with the common components, while 
other structures specific for each bioReservoir are added dynamically at run time. 

• The Simulation Panel can now he used to interactively set-up and start simulations comprising a desired 
bioModel by selecting one from the scroll-area (3312), as described above in relation to F1C32. to allow 
selection of an adequate size of the model to be simulated. The parameters and optional capabilities used for the 
simulation at run-time are configured by using an structure upon the Simulation Panel specific for that purpose, 
the model-definition. Its table of attributes (3319) allows the configuration of any desired attributes. The 
"items-belonging-to-this-moder (3320) is set by the program to name the bioModel selected by the user, and the 
variables and parameters that form part of the simulation model are all those encapsulated in any of the 
bioReservoirs and bioProcesses in the pathway contained in the workspace named by such attribute. This i> 
important when dealing with very large systems, allowing to focus the computer resources on the subsystems of 
interest. Further attributes are used to set the rime interval between simulation cycles, the type of integration 
algorithm desired for the state variables (3321); the configuration for any external simulator that can also be 
u?ed to receive or provide values of the variables in this model; the name of any main pmcedure that is invoked 
once every simulation cycle, which in turn may start or call any other procedure, and which in this case calls 
the model-simulation-proc (Table 204); a choice to send all the values to external databases or simulators at the 
beginning of each cycle: an indicator of whether the simulation is not-running, running or paused, or whether i> 
nothing to simulate or is a simulation error: and the configuration of the simulator dock to run either 
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.vncnronously or as fast as possible, which is more appropriate for simulating models which act.ons take place 
>ver ion? time periods). 

. This Panel permits the user to enter the input value (3306) to be added to the Accumulation of such bioResenoir 
and the time (3307) of such input. Help buttons in each section of the Simulation Panel provides instructions tor 
the user in how to proceed, such as the one (3310) which subworkspace is shown (331 1 ) Following those 
instructions, select™ the LIST button (3313) calls the list-simuKallback (Table 195), which finds the previous 
lists and then calls the read-scroll-proc (Table 196) to search for the members of those lists that are contained ,n 
the bioModel selected bv the user, as previously discussed, and fill the lists labeled DBRL (331 4 with 
downstream bioReservoirs. the SDBPL list (3315) with downstream bioProcesses. and the the UBRL list with 
bioResenoirs that provide the inputs tor such bioProcesses but which are not included in the first list. 
. As shown in FIC.34. selecting one of the bioReservoir lists (3314) displays a workspace (3401 ) with po.nters to 
each or the elements of that list, which allows to examine the bioRes*rvo,r that are to be included in the 
simulation. Selecting anv of those po.nters (3402) allows the user to either display the table or attributes (not 
shown) of that bioReservoir or to directlv display the bioReservoir and its subworkspace (3419) ot us 
bioResen oirs Bin. In a simitar wav. selecting the SDBPL list (3814) displays the pointers (3405) to the 
bioProcesses that are to be included in the simulation, which upon selection (3406) directly displays the 
bioProcess and its subworkspace (3425). The user can examine those lists to decide whether the selection made 
is appropriate before proceeding. If not satisfy the user can reset the panel, and transfer to the panel addmonal 
or different submodels, and press the "List" button again. 
. When a Simulation Panel is created, the "Activate" and "Start" buttons are disabled to prevent the user of 
taking such steps prematurelv. When the processing associated with the LIST button is completed, the 
ACTIVATE button (3315) is enabled, and when selected it calls its associated procedure, which is one ot three 
listed (Table W) and specific for each tvpe of Simulation Panel. Such procedures check that a value has been 
entered bv the user and then call acrivate-simulation-proc (Table 198), which in turn, a) looks on the Panel tor 
the three iists created above and calls the activate-model-proc (Table 199) with those lists as arguments. A* 
discussed in sections above, upon entering the Simulation Mode the subworkspace of all bioReservo.rs and 
bioProcesses are deactivated, so that their variables become inaccessible to the simulator. The function of thi> 
procedure is now to scan the DBRL. DBPL, and UBRL lists and activate the subworkspaces of each ot their 
elements which are the ones that will be now included in the simulation, after which returns back to the 
previous procedure, which scans for the Basal-Density attribute or the now accessible bioPool ot each ot the 
bioResen oirs on those DBRL and UBRL lists and if its value has been modified by the user then it add* the 
nameot the bioResenoir to the User-BC list of the set described below, and if its value has a default value then 
it calls the basal-density-proc (Table 200) for such bioResenoir. 
. A simulation starts with the baseline model, after being initialized by setting the inihal values of the initial 
amounts of the bioPools (concentrations, densities, scaled-amounts, or other quantities. depending on how the 
biol'ools involved where defined) to be equal to the values of the corresponding basal amounts. In order to 
activate the svstem. a disturbance mav be introduced by entering one or more input values through the 
enrrv-panel of the desired bioResenoir. or through the desired expenment-selecnons of the experiment-panel 
Bv entering different values for those variables, or by changing the values of the constant parameters, whai-.t 
analvsis can be performed on the svstem. Montecarlo simulations can be performed using a 
montecarkvmodel-block as an input to each of the bioPools desired as test inputs, as explained in other section, 
and the simulation can then be started from either the entry-panel ot a desired bioReseno.r. or through the 
desired expenment-selections of the experiment-panel, without entering entry-values. The history ot values tor 
each of the variables of interest can be stored in the form of a matrix-like structure that is an array or arrays ot 
values for each variable or parameter. The values of those arrays are transient values that can be used tor 
statistical and sensitivitv analvsis within this system, or can be archived to a text file external to the *y,wm «>• 
this invention, or the values can be transferred to an external statistical package for further analysis. In 
addition, if the values of those arravs are desired in a permanent torn, within this system, this .s accomplished 
by using the procedure provided to make the initial values of an array equal to the list ot its current value,, 
separated bv comma a. 

. The basal-dens.tv.proc (Table 200) has an important inference role since the value of the Basal-Density tor the 
Basal-Concentration) is used when the simulation is started as the initial value for the state variable of the 
bioPool. the Accumulation. The task of this procedure is to obtain a value for that attribute, it the user has no. 
specificallv entered one. from other data and information contained in other attnbutes ot that bu-Resen o,r or 
i„ bioPool. It also uses a set of lists contained in the structure labeled BA (3317) upon the Simulation I anel to 
•ort and list all the bioReservo.rs to be included in the simulation, to indicate the source or those value. u«d tor 
the Basal-Dens.tv. The user can e>am.ne the result, of that inference after the processing associated w ith m. 
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ACTIVATE button is completed, when the button becomes disabled and its appearance changes. Selecting the 
DA button (3317) displays its subworkspace with a set of lists filled by the program following the criteria 
discussed below. Those list can now be examined, by selecting their icons as discussed elsewhere, to find out 
which of the bioReservoirs got the value from each of the alternative more or less precise sources. 

♦ Various alternative versions of this procedure are made available, which are disabled and the one preferred is 
enabled by the modeler to better match the particular application. Alternatively, each of the alternative 
versions could be made specific for particular subclasses or groups of bioReservoirs. This procedure initially 
scans the normal-basal-density value of the bioReservoir and if that value is different from the default value of 
9.9Se-99 then the Basal-Density is set equal to its value, and the name of the bioReservoir is added to the 
NBD-BC list . If the subclass of bioReservoir is sol-mol-reservoir then the Basal-Concentration would be set 
equal to the value of the normal -basal-concentration if different from the default value. In the alternative 
implementation shown here, if the subclass of bioReservoir is sol-mol-reservoir this procedure scans the 
normal-basal-concentration value of the bioReservoir, if that value is different from the default value, 9.99e-99, 
then the Basal-Density is set equal to its value multiplied by the Avogadro's number, which states that each mol 
has 6.023e23 molecules, and the name of the bioReservoir is added to the NBC-BC list. The conversion is made 
when modeling complex mixtures of bound and soluble molecules. For example, for many biochemical systems 
where the molecules form large localized active complexes molecules are not homogeneously distributed, and 
therefore it is more meaningful to integrate in a bioProcess the quantities of both types of bioPools representing 
bound and soluble molecules using the number of molecules rather that their concentrations. If the 

normal -basal -den si ty (or normal-basal-concentratk>n) has the default value, then this procedure scans for the 
Scaling-Density attribute of the bioPool and if it has the default value then the bioReservoir is added to the "NO 
BC" list. Otherwise, this procedure scans for the Scaled-Basal- Amount of the bioPool, and if its value is not the 
default value, then the Basal-Density is set equal to the value resulting from multiplying the Seating-Density by 
the Scaled -Basal- A mount values, and the name of the bioReservoir is added to the SBA-BC list. Otherwise the 
Basal-Density is set equal to the value resulting from multiplying the Sea ling-Density by a factor associated 
according to the symbolic value of the "abundance" attribute of the bioReservoir, which value is set by the 
modeler or otherwise the default value is used, and the name of the bioReservoir is added to the PAB-BC list. 
The inference engine may proceeds the search for other sources of values, such as in an alternative method (not 
shown), where this pnxedure sets the value of the Basal-Density equal to a value proportional to the 
physiol-max-density (or physiol-max<oncentration) of the bioReservoir if this value is different from default. If 
the user has not entered any of those values, then the program sets the value of the Basal-Density equal to the 
average of any known thresholding parameters of any bioReactant connected as an output of this bioReservoir, 
such as the Km, Ks, Ki or 1 /(2*Kp). This alternative method emulates the following reasoning: the value of 
Basal -Density represents physiological conditions and it is assumed that physiological concentrations 
approach the mid- range functional concentrations in the most relevant bioEngine in which the bioReservoir 
participates, as represented by constants such as the Km for a substrate, the Ki for an inhibitor or the Ks for a 
ligand or complex-subunit. If those values are not known, a message is displayed requesting the user to assumed 
some values, based on comparisons with simibr systems. Under normal in vitro assay conditions, an enzyme is 
generally present in limiting or catalytic amounts, in a range between 10e-3 nM and 10e2 nM, while a substrate 
is generally in the range of 10e3 nM to 10e7 nM. This value can be adjusted at a later time as more is learned 
about the system. If none of the alternative means are provided the system's default values are set. 

• Once the participants in the model have been activated and configured, the input values have been entered, and 
the model-definition has been configured, the simulation is started by selecting the START button (3322). which 
depending on the type of Simulation Panel will call one of the six procedures specific for each of the one-time 
Panels (Table 201 ) or for each of the periodic Panels (Table 202), which read the input values entered by the 
user and perform different types of processing depending on the types of variables involved. The 
concentration-en try-panel is used to input the absolute concentration value entered by the user in the 
input-value edit -box, in units such as molar, which is added as a concentration or is convened and added as a 
density (depending of the alternative options available in this implementation). In a similar way the 
density-entry-panel is used to input an absolute density value, such as units/compartment, while the 
relative-entry-panel is used to input the scaled dimensionless value. Those input values are used the values of 
the corresponding attributes in each type of bioPool, such as the density-entry or the scaled entry at the time of 
entry value entered by the user, where these values are then integrated by the formula of the Accumulation of 
such bioPool at the next simulation cycle, and the values of such attributes are reset to 0.0 after one simulation 
period has elapsed since the time the input values were set. The set of periodic type of Panel follow* initially the 
same type of processing, but the setting of the values of the density-entry or the scaled entry attributes of the 
bioPool occurs then repeatedly as many times as entered by the user in the entry frequency edit -box at times 
intervals as entered by the user in the time-interv al edit-box. beginning at the simulation time entered by the user 



75 



WO 96/22575 



PCT/US96/00883 



-xx the inout-time edit-box. Each of those procedures then call start-si mu la tion-proc (Table 203), which requests 
He simulator to run the model as prev iously defined in the model-definition. 

. During the simulation run the model-si mulation-proc (Table 204) is called once every simulation axle, which 
sets the values or the attributes current-simulation -time and current-simulation-time-increment of the 
entrv-panel. The user can select the "T" button (3325) to display its subivorkspace, which contains a digital 
display of those values as well as the values of other performance parameters. This procedure also calls the 
compute-graph-transforrn-proc (Table 205) described beiow 

. By selecting the PAUSE button (3323) or the RESUME button (3324), which call their associated procedures 
(fable 2i)6), the user can pause and resume the simulation at will. By selecting the RESET button (3326) the 
reset-simulation-callback (Table 207) resets all the buttons on the Panel and calls the reset-proc (Table 207k 
which: a) first it scans the DBRL UBRL. and DBPL lists and resets each of the bioReservoirs and bioProducts 
listed, including their status attributes, their icons and deactivating their sub workspaces; and b) then delete 
those lists. Note than when a Simulation Panel is created, most of its buttons are disabled, and they are enabled 
as the previous step has been selected by the user and completed by the program, at which point the button or 
that previous step is disabled. Disabled and disabled buttons have different appearances, and this 
implementation both guides the user about which steps are available at each point in rime, including RESET 
which is enabled at all times, and furthermore, prevents the user from taking steps ahead of time by mistake. The 
DELETE button (3327) is disabled when the LISTS button is selected and it is not enabled until the reset is 
completed, preventing the user from deleting the panel before all the participants in the simulation that may have 
oeen modified are reset 

• The procedures that are modified for the alternative implementation of the simulation, when copies are used 
instead of the original bioProcesses and bioReservoirs so that the values of the originals are not modified, art 
listed in Tables 211 through 221 ). 

♦ Digital and Graphic Displays of Dynamic Values 

- This system's graphic interface allows simulations to be followed in different ways, including: 

- creating pathways on a workspace where dummy copies of the bioProcesses involved, or full copies of both the 
bioReservoirs and bioProcesses involved (depending on the alternanve method of simulation used) of all the 
participating), are located in sequence and the corresponding connections between them are drawn. This 
structures allow to further interactively navigate through the system as usual, including back to the originals 
from which the copies were made. 

- animation by color changes of the activated components ; 

- display of the current values of desired variables in digital form; 

- dynamically created graphs of a set of time series of the values of desired variables: and 

- dynamic charts of the values of a variable versus another variable; 

. Selecting the details option of any of the bioReservoirs or bioProcesses that take part in the simulation allow- 
to follow up the quantitanve simulation by providing access to the different structures in their subworkspace* 
Onlv the icons upon subworkspaces that are activated are active. Therefore, when in Simulation Mode the 
capabilities now to be described, as well as the navigation capabilities, are restricted to only those >tructure> 
that are elected participants for that simulation. The current values of the variables of each bioReservo.r or 
hioPnx:es> are bv default displayed in digital form (3403 and 3404) To dynamically display the time cuur>e or 
the values those variables for the time frame selected during a simulation graph-tracers are used, which 
subworkspaces with a graph and associated structures are not stored, but are rather created or deleted when 
the user selects one of such tracers. These methods are described nou 
. A graph-tracer is an obiect (Table 32) connected either to a bioPool (3421 and 3428) or a bioEngme (342*,. u**d 
to control the dvnamic creation and display at run-time of a graph which plots the values over time ot key 
variables or parameters of the bioObject where they are contained, scaled or absolute versions tor 
bioReservoirs. Selecting the "show-plot" option calls the graph-tracer-handler-proc (Table 208). which 
depending on the class of the graph-tracer from which it was invoked calls either the scaled-BR-Kraph-proc 
(Table 20K) the absolute-BR-graph-proc. or the scaled-BP-graph-proc, which first create a subworkspace tor 
that tracer with all its contents bv cloning the subworkspace of the corresponding prebuilt master structure, 
and then configure the labels of the graphs (3423 and 3428) and the ref- bio reservoir or ref-bioprocess attribute 
ot each ot the graph-tranf-vars upon such new subworkspace to refer specifically to that bioReservo.r (341V i 
or bioProces* (3425), respecnvely. 
- The design ot graphs and associated structures deal with plotting multiple variable which values differ bv 
orders ot magnitude on graph structures that do not provide multiple axis scales, in the current implementation, 
the Nvstem automatically adiusts the scale to the current values ot the time-^nes to be plotted. uMng a sy stem ot 
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.ntermediarv variables to dynamically transform those disparate values into others that fit a common scale. 
This set of new variables are instances of subclasses of the class transf-factor-var (Table 15), a float-variable. 
A representative example of the attribute table of a default instance of one of those subclasses, a 
velocity-transf-factor, is shown (Table 209). Among the attributes of transf-factor-var are: "transform", which 
value is given by an instance of the class graph-rransf-var (Table 14); and "ref-variable", which makes 
reference to the particular attribute of a bioObject that provides the input value. The Label and the Transform 
value are displayed. The role of the graph-rransf-var is to hold a transformed value of the current value of the 
parameter or variable referred to by its "ref-variable". The tran sformed value is suitable for plotting within 
the scale of the related graph. The role of the transf-factor-var is to hold the value of the factor necessary to 
obtain the desired transformation, as inferred by the compute-graph-transforms-proc (Table 205) only when a 
simulation-model is running. Each subclass of the class transf-factor-var corresponds to one of the bioObject* 
attributes to be transformed, which matches the value defined for the "label" attribute of each subclass. The 
;ransf-factor-var provides by itself the order of magnitude of the variable it transforms. 

- Selecting the "hide-s.graph" option (Table 210) of the bioReservoir, which appears only when the graph upon 
the subworkspace of the scated-BR-graph-tracer exists, or deselecting the graph-tracer, or selecting the delete 
option directly from the subworkspace of the tracer deletes that subworkspace with its contents. The same 
applies for the other classes of graph tracers. 

• Scaled Computation Approach for the Variables of bioReservoir* and bioProcesses 

- The formulas of the parameters and variables that dynamically characterize a bioPool. deoend on other numenc 
vnriables or parameters that are either attributes of the bioPool or its bioReservoir, or that are attributes or the 
bioKeactants and bioProducts that represent such bioReservoir in different bioProcesses. Table 83 lists a 
representative set of formulas, as examples of generic simulation formulas comprised in this invention to 
simulate a set of scaled-valued variables and Table 84 lists a set of generic simulation formulas specific for the 
Contribution of different subclasses of bioReactants thaf incorporate the values of scaled-valued variables or 
parameters. Table 86 lists a set of generic simulation formulas that are alternatives to the formulas in the set 
shown in Table 84, and which can be used in this invention to incorporate the values of absolute-valued 
variables or parameters into the Contribution of each bioReactant. These formulas for the Contribution do 
scale those absolute values using either a linear or sigmoid approach, depending the role in a bioProcess 
represented by each class of bioReactant. Therefore, since the output of the Contribution is dimensionless, 
whether the inputs are scaled (as in the case of using the formulas in Table 84) or absolute (as in the case of 
using the formulas in Table 86), it is now possible to integrate in a single bioProcess a mixture of bioReservoir*, 
where some of those bioReservoirs use only the scaled-valued variables while other bioReservoirs, called of 
mixed-type, use a mix of the scaled-valued variables, such as the Scaled-Amount, and absolute-valued variables, 
such as the Density. Those two values are interconvertible by using the value of the Scaling-Density, as 
computed by the formula for the Density in Table 86, so the user may be able to display the output ot a 
Emulation also as converted back into Density units in this case. The Contribution can be used in conjunction 
with either absolute-valued or scaled -valued variables, and therefore allows to integrate parts or the 
simulation where the absolute values of parameters and initial conditions are known, where other parts of the 
simulation where those values are unknown an have to be approximated, which is best done when using 
uimensionless values. 

- The Quantity or the bioPool is the only quantitative output value propagated from any component ot a 
bioReservoir to any component of a bioProcess. That output quantity value of the bioPool is used to compute 
either: a) the value of the Velocity of each bioEngine connected to each bioReactant connected to such bioPool, 
which is the method normally used when using the absolute computation approach, to be discussed below; and 
b) the value of the Contribution of each bioReactant connected to such bioPool, which is an intermediary 
variable which in turn is used to compute the value of the Velocity of the bioEngine to which that bioReactant i> 
connected, in combination with the Contributions of all bioReactants connected to such bioEngine, this being the 
preferred method used ivhen the scaled reasoning mode of simulation is preferred by the modeler or user. The 
formulas for the variables that give the value for the Contribution are specific for different classes of 
bioReactants, as more specifically defined in Tables 83 and 84. The formulas for the classes that represent 
reactanrs that bind to specific sites other reactants. such as substrate.r, ligand.r, inhibitor.r or ion.r. are 
designed as to pmvide a sigmoid scaling around their characteristic kinetic parameters, which implicitly 
provides a smoothed thresholding of the Quantity of the bioPool for that particular bioProcess, as represented 
by the bioReactant. When using the scaled-valued set of variables, the Scaled-Amount is used in conjunction 
with the corresponding scaled kinetic parameter, as the examples given in Table 86 show. The formulas ror the 
Contribution tor other classes ot bioReactant. such as receptor.r or enzyme. r. are designed as to provide a linear 
scaling from none to their maximum observed value, represented as KXl it such absolute value is unknown. In 
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contrast with the absolute mode of computation, where there may be great variability in the formulas needed to 
provide the value for the Velocity, depending on the class of bioEngine involved, in the scaled mode of 
computation the variability is introduced, to a much lesser extent in the simulation formulas that provide the 
value for the Contribution, while only one very generic simulation formula is required for the Velocity of all 
classes of bioEngines. As listed in Table 83, the very generic simulation formula for the Velocity included in the 
current implementation of this invention integrates various coefficients and a rate-constant to give the modeler 
or user the flexibility of bv changing the values of those attributes of the bioEngine to modify the behavior of the 
system in different ways, without the need to write specific formulas for e;rch situation, while the default values 
or those attributes do not affect the system. 

- The Velocity of each bioEngine in rum is used to compute: a) the Production-Rate any bioProduct connected to 
such bioEngine; and b) the Consumption-Rate any bioReactant connected to such bioEngine, which may be 0.0 if 
such bioReactant represents a reactant that is not consumed in such process, or may have a value that may be 
withdrawn from a bioPool as an output (like any standard Consumption-Rate), but then retained for a period of 
time and then returned back to the bioPool as an input (like any standard Production-Rate will do), as specified 
by methods specific for the variables of such particular pair of bioReactant and bioPool, or for a group of such 
pair which are identifiable by Home specific common attribute, or which are defined as separate subclasses of 
their respective classes. 

- Several bioProcesses may contribute through their outputs to the Input-Rate of that bioPool. which values are 
then integrated when computing the value of the Accumulation of that bioPool. Users can also add (or remove) 
an absolute or scaled amount during a simulation to the selected "bioPool, by having specific procedures setting 
the values of specific attributes of the bioPool, as discussed above, which are then integrated into the 
Accumulation by its simulation formula. 

. The Basal-Quantitv (which mav be either a Basal -Concentration, a Basal-Density, or a Scaled -Basai-A mount) 
represents the initial conditions, and provides the initial-value for the integration of Accumulation, which is a 
state variable that integrates all other dependent variables. When using the scaled-valued set or variable*, the 
value of the Scaled-Amount is the value of the Accumulation constrained to a range within 0.0 and 1 .0. The 
values of the Concentration or Density are constrained to not be less that 0.0. 

- In this invention, the value of variables or parameters that are attributes of bioObjects upon the subworkspace 
of bioReservoirs and bioProcesses, can be simulated only if the subworkspace of the bioReservoir or bioProces* 
upon which it is located is activated. When the user selects simulation mode, the subworkspace* of all 
bioReservoirs and bioProcesses are deactivated, and only those that are to participate in a simulation run are 
activated. This is a mechanism to improve performance of what may become an extremely large system of 
parameters and variables. In the current implementation of this invention, each of the values is computed once 
each simulation cycle using the equations defined by simulation formulas. 

- The implementation of the intermediary variable, the Contribution, is a novel and very important teachine ot 
this invention, particularly in applications when the knowledge of the quantitative parameters and initial 
conditions of the svstem are incomplete, or when a more abstract and generic system is desired, such as when 
providing a Shell to be used in different and unpredicted ways. This implementation is relevant in several 
different wavs. It allows to treat each of the bioReactant of a bioProcess as a generic self-contained unit, which 
allows to model also participants in a bioProcess which are known to interact but which exact roles in such 
process are unknown, where the velocity is generically computed by simply multiplying the contributions or any 
participant that the modeler mav want to model. These generic units become even more generic when used in 
combination with the set of scaled-valued variables, which allow the user to enter values based on expert 
knowledge, or quicklv perform what-if analysis. Another important result of using the Contribution is that. a> 
discussed above, allow to perform quantitative simulations that integrate into the Velocity of any biol We>- 
values originated from bioReservoirs with both types of absolute- valued and scaled-valued variables. This 
means that those parts of the complex model where the absolute values of their kinetic parameters and initial 
conditions are known can be integrated with other parts of the complex model where relative values are used 
because the absolute values may be unknown. 

- The abstraction provided bv the Contribution also facilitates the use of bioProcesses as black-boxe*. which are 
also be implemented tn the current svstem or this invention without using the Contribution. Black-boxes are 
used to represent anv tvpe of participant that is known to cause something to change somewhere down the line, 
even if it is known that other intermedials are involved, but where the details or identity or even the existence 
of those intermediaries is unknown. The bioReactants in a black-box represent the entities tor biolVuM) that 
cause some effect on some other distant entitle, or bioProducts (the input to other bioPool(s)). and like in otner 
-enenc bioProcei**. either the kineiic<oefticient I scaled or absolute) that modifies each bioReactant. or the 
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rate-constant that modifies the overall process, representing the proportionality factor between the quantity of 
:aus«si and the quantity of effects, can be used. 

• Absolute Computation Approach for the Variables of bioReservoirs and bioFrocesse* 

• More standard ways of quantitative simulations using the known absolute values of the system parameters and 
initial conditions, can be performed by using only the set of absolute-valued variables or parameters, and by 
using a different set of generic simulation formulas, such as those shown in Table 85. From those variables, the 
one that offers more variability in the formulas needed for each class of bioEngine is the Velocity, which is in 
contrast with the scaled mode of computation where only one very generic simulation formula is required for the 
Velocity of all classes of btoEngines. It is also possible to write very complex simulation formulas to encompass 
a variety of different situations, such as that in Table 82 to be described below. The value of the Velocity of a 
bioEngine in this approach depends directly on the Quantities of the bioPools connected to each bioReactant 
connected to such bioEngine, which is the method normally used when the formulas that give the value of the 
Velocity are those that represent the equations that a biochemist will normally use to compute the velocity of a 
reaction, based on the quantities of the reactants and on some known kinetic parameters, such as the Michael is 
constant (Km), inhibition constant (Ki) or the equilibrium dissociation constant, and which the preferred 
method used when the absolute reasoning mode of simulation is preferred by the modeler or user. The 
simulations formulas for the Velocity of absolute-valued enzymes, such as that listed in Table 8? (which is 
equivalent to the Briggs and Haldane approach where V = n* kp*(El*|S|/([S] ♦ Km * X), where X = 1 if no 
inhibitors is connected to the bioEngine, or X = (1+ Il)/Ki ) if an inhibitors is also connected to the bioEngine), 
assume the instantaneous or initial velocity approach, since increases or decreases in the Concentration of the 
substrate are updated at small time interv als in this invention. 

• Following are some examples of how the common knowledge of chemists is implemented in the current invention. 

• For receptor-bioEngines or enzyme-bioEngines with multiple equal binding sites, the velocities can represent 
reactions of two major types: a) the generic simulation formula for non-cooperative-binding is equivalent to V = 
n*Kp*|EnS|/(Ks*|S|), and represents the situation where binding at one site has no effect on the intrinsic 
dissociation constants of the vacant sites, yielding hyperbolic velocity curves, and being impossible to tell from 
the kinetics whether there is 1 pmole with n identical sites or n pmoles of 1 site; and b) the generic simulation 
formula for cooperative-binding represents the simple sequential interaction model of an allosteric enzyme with 
2 cooperative substrate sites. It is modeled as two substrate. r connected to the same bioPool, but each of those 
bioReactants have different dissociation constants, and the simulation formula is equivalent to 
V«n*kp % IEp([S|/Ksl+|Sl A2 /Ks2 A2 )/(U2»ISI/Ks1+|S| A2 /Ks2 A2 ). Here, the binding of one substrate 
molecule increases the affinities of the vacant sites for the next substrate molecules, yielding sigmoid velocity 
curves. Thus, the sigmoid response acts as a smooth "on-off" switch", and at intermediate specific velocities, 
this provides a much more sensitive control of the reaction rate by variations in the substrate Concentranon. 
Allosteric enzymes generally result in sigmoid velocity curves due to cooperative binding, either positive or 
negative (binding one molecule facilitates binding of the next). The Hill Equation is used for an enzyme with n 
equivalent S binding sites, if the cooperativity is very marked, in which case the Km of the single substrates has 
to be set, not equal to the real Km but rather equal apparent Km to the n power. Under these conditions, 
dominated by \S\*r\ P the equation can be simplified to V a kp»|EnS] An /(KmV{S) An ). Fur enzyme-bioEngines. 
the application in this invention focus on regulatory pathways, which are controlled by enzymes which active 
form is only present in catalytic amounts and a steady-state is assumed. For receptor-bioEngines, which include 
processes for other specific binding proteins, the generic formula for the velocity represents the system at 
equilibrium, and is equivalent to v«|RL]=n[R|t /(l+(Ks/(L|)). 

• Inhibition can be modeled in different ways, and the modeler has to decide what best represents each situation. 
Table 82 lists a very generic formula that allows the modeler to connect to the bioEngine one inhibitor-reactant 
that can be of any one of the four common types represented by the four defined subclasses of inhibitor-reactant 
This formula is capable of first detecting which subclass of inhibitor-reactant is connected to the bioEngine. and 
then applying the equation with one of the alternative modifiers included which apply to that particular tyre or 
inhibitor. However, some of those types of inhibitors may be better represented in the system of this invention 
as competing with the substrate from a separate bioProcess, which allows for a more intuitive representation 
and understanding of such competition and a higher level of manipulation by the user, which are in fact some oi 
the advantages offered by the system of this invention when compared with other more global modeling 
approaches. Competitive inhibition may be modeled within the corresponding bioEngine, with the generic 
formula such as that in Table 85. Noncompetitive inhibition is best modeled as a separate 
complex-formation -process between the en/yme and the inhibitor that competes for the enzyme by being 
connected to the same bio Pool. Feedback inhibition should always be modeled by a separate bioProcess. Any 
rurther velocity equations can be derived in the same manner, by using well established equations in the field of 
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biochemical kinetics, and the reader is referred to standard references, such as SegelJ.H. ,1976. Biochemical 
Jalculations 2nd Edition. John Wiley & Sons. New York. 
c| Experiment Panel and Procedures 

. An Experiment Panel is a facilitv that allows to perform many of the previously discussed, but with the 
additional feature: the capability of using multiple points of reference for the generation of lists, creation of 
pathu avs, or as the recipients of quantitative inputs for simulations. In contrast to the Simulation Panels, 
which are are dvnamicallv created and deleted when requested from the bioReservoir that serves as point ot 
reference, and ,'a Library of Experiment Panels are created as permanent generic structures with different 
designs, accessible through the "Panels" head of the domain-menus associated with the General Mode (2920) 
and with the Simulation Mode previously discussed. Each Experiment Panel is the subworkspace ot an 
instance of entrv-panel created bv cloning the Master-Expenment-Setup-Panel. As shown m F1C.3?. selecting 
one of those options (3502) from the domain-menu (3501) displays the subworkspace (3502) of the named 
entry-panel, which corresponds to one of those predesigned Experiment Panels. The new components ot such 
Panel are round structures (3504) organized in columns and rows which are instances of class 
experiment-selection (Table 222). New designs are created by delenng of adding any number of such 
auxiliary structures, used to select the combination of bioReservoirs that are to serve as the points of reference 
in such experiments, and also to allow the user to enter the input values for quantitative simulations of such 
experiments 

. Selecting one of the experiment-selections (3504) displays its table of attributes (3505) which allows to: a) 
enter a short name in its "label" attribute displayed on top of the icon, b) select a bioReservoir. as entered in its 
"ref-bioreservoir" slot, and c) enter whether "currently selected" is true or false. The values of those attributes 
are sufficient to perform anv of the qualitative tasks associated with this panel. If a quantitative simulanon is 
desired, any of the values for the other optional attributes may be entered, such as those for an absolute-valued 
input or an scaled-valued input, time of input, time interval for periodic entries, and entry frequency, which 
have the same use as those previouslv discussed in relation to FIC.33. The configurations of any or all those 
experiment-selections can be stored for later use. and the combinations of different experiment-selections to be 
included in a particular experiment may be quickly changed at will by changing the value of the "currently 
selected" since onlv those with such value set to true, which get also highlighted with a different color, are 
included in the processing when anv of the tasks is requested. This allows the user to have a set of experiment 
designs for those tvpes of experiments most frequently used. The BIORESERVOIRS button (3506) provides a 
graphic tool to facilitate the task of the user in selecting the appropriate name to enter in the "ref-b.oreservo.r 
attribute of those experiment-selections, to be selected from among the large number of bioReserv oirs in the 
Virtual Model. Selecting this button displays its subworkspace (3507) if one exists, or calls the 
BR-scroll-callback (Table 223) which creates one. containing an scroll-area listing in alphabetical order all the 
named bioReservoirs loaded on memory, and which in addition to providing the specific nomenclature used fur 
desired bioReservoirs, it allows to directly access and verify the details of a selected bioReservoir. 
. Upon entering the choices of "ref-bioreservoir" and setting the value true for the desired combination of 
experiment-selections, the user can proceed by selecting the ITtOCESSS button, which calls the 
process-exper-callback (Table 224), which creates a set of lists and then scans the Panel to t.nd all 
experiment-selections which Currently-selected is true and the Ref-bioreservoir has a value, which are inserted 
in the "Exper Selections" list (3512), and for each such experiment-selection found, it calls the same 
fill-br-downstream-lists-proc (Table 194) called from the Simulation Panel to fill the other two l.sts. one (35131 
listing all downstream bioReserv oirs of ail those bioReservoirs named by the expenment-select.ons in the 
previous list and the other (3514) listing all downstream bioProcesses of all those bioReservoirs named by ihe 
experiment-selections in the first list: and then finds all the bioModels that include "all" of those bioResen o<r< 
and bioProcesses listed in those lists, and creates an scroll-area displaying those bioModels. to allow the user 
to select the desired scope of inclusion, as described in reference to F1C.32. Selecting the CLEAR button (35.V) 
calls clear-exper-callback (Table 225) which deletes those lists and the scroll-area, to allow making d.tferent 
selections and repeating the PROCESS. The other buttons on the Panel have similar or equal tuncnons as tno** 
descnbed for the Simulation Panel, and therefore here only the differences will be briefly highlighted. The 
reader is referred to the Tables 225 through 233 for a more detailed description ot the processmg involved. 
Selecting the LIST button (3515) calls the list-exper-callback (Table 226) which creates a new set ot lists: 
SDBRL (3516). SDBPL (3517), and UBRL (3518) lists, and finds the members ot the prevuius sets ot lists mat 
are contained in the selected bioModel. 
. Selecting the PATHWAY button (3520) calls the draw-exper-pathwny-callback (Table 227). which creates a 
navic-path-tracer (3531) together with its subworkspace by cloning the Master-Navig-Pathway and transfer* 
,t to the Panel, and then it scans the "Exoer. Selections" list and tor each bioReservoir li>ted calls the 



SO 



WO 96/22575 



PCT/US96700883 



create-local-exper-BP-proc (Table 228), while setting the value of the x-po* to a value close to the initial 
position when changing from one bioReservoir to the next, which performs a processing very similar to that 
described earlier for the create-local-UBP-proc (Table 176) for the upstream direction. Now, instead of once as 
before, that procedure is called as many times as bioReservoirs are in the "Exper. Selections" list. One example 
ot the display of one of those multi-origin pathways is shown in FIC.36, which are more complex. The pathways 
start from multiple initial bioReservoirs, and the pathways from latter initial points are connected, whenever 
the possibility arises, to the pathways from former initial pointsalready on the Experiment Pathway Display. 
Alternative implementations of any of the types of pathways is to include in the drawing of the pathways not 
only the bioProcesses, but also the bioReservoirs that are intermediaries between those process in the chaining 
process. The procedures for those alternative implementations (not shown) apply the same methods and need 
only minor modifications to create, transfer and connect the intermediary bioReservoirs. 

• This Experiment Panel can be used either for the only purpose of generating those complex pathways, or they 
can be further used to perform quantitative simulations that apply to the variables and parameter of the 
components of those pathways. For that purpose, the remaining buttons and structures to be used in the 
subsequent steps have been described before, and the procedures called upon selection of the such buttons 
(Tables 229 through 233) are only minor modifications of those described for the corresponding buttons of the 
Simulation Panel, to incorporate the fact that now there is not just one bioReservoir but the various 
bioReservoirs in the "Exper. Selections" list to consider. 

d) Simulating Complex Models 

• To deal with complex systems where some parts of the system may be more precisely defined than others, the 
system of this invention integrates a variety of methods to allow modeling and simulations while accommodating 
the uneven types of knowledge available. The following describes how the heterogeneous forms of knowledge 
are integrated in the system of this invention: 

- In some cases, sufficient information has allowed scientists to develop mathematical models to represent a 
particular behavior of a system, and some of those models may be suitable for adaptation to be included in the 
knowledge-base, giving the user the option to integrate them in their simulations. This type of knowledge is 
usually included in the form of the parameters characteristic of the system and the initial conditions once the 
underlaying architecture of the network is matched, or it can be implemented directly by modeling particular 
inputs or outputs as model-blocks. 

- Intermediate levels of information about a sequence of events, or effects following a cause or combination of 
causes, allows the construction of semi -quantitative behavioral networks that are constrained by the data 
available, such as time intervals, context and compartments in which behaviors occurred, concentration levels 
at which different behaviors were observed, and so on.... This type of information is used to design the 
compartmentalized architecture of the network, and to provide semi -quantitative values to the scaled 
parameters and initial conditions. 

• Heuristic and shallow knowledge can be integrated in the form of either rules or formulas for inferred 
variables, that connect a cause with a distant effect, without detailed description of the unknown underlaying 
ntechantsm. 

• Depending on the amount and type of information and data available about the system to be modeled, and the 
nature and size of the bioModels to be developed, the system of this invention s may operate in either 
quantitative or semi-quantitative simulation mode. With well known metabolic pathways, the simulation may 
be run in quantitative mode, but since in most biological systems both qualitative and quantitative information 
is incomplete, it may be difficult to simulate with accuracy such biological systems. However, the 
semi-quantitative methods integrated in the system of this invention allows to gain insight about the degree and 
direction of change in the model variables, and their quantity levels at different points in time. 

• Of major importance in simulating the behavior of biological systems is the need to model the different state* in 
which complex biological entities, such as cells, can be found at different points in time, and also to model the 
events that cause the transitions from one state to another. There are several major types of states and 
transitions to be considered, depending of whether the biological entity to be considered is a biological system, 
organ, cell cellular compartment, molecule or any other entity. We are providing here with just a tew examples 
among the many considered in the currently preferred embodiment of this invention. 

• The modeler is provided with several methods to fine tune any specific parts of the complex model including in 
the ability to write formulas specific for the individual instances of variables that are attributes of the 
bioReservoirs or bioProducts that model any such specific part of the complex model. Within those formula*, 
temporal reasoning is further achieved in the system of this invention in several ways, such as by specifying 
times or time in ten* a Is. using quantitative time constraints such as the expressions: during the last 30 seconds, js 
of 5 minutes a^o, or between 3 hours ago and 4 hours ago. Fuzzy time intervals and time constraints may be 
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^Decried if so desired to handle the uncertainty encountered in biochemical systems. The simulation can be 
A-ncnronous or asynchronous, by setting different simulation rime intervals for sets of variables of 
bioProcesses and bioReservoirs that represent different parts of the complex mode;. 
♦ The simulation can be continuous or time-con strained, and either way may be differentially applied to different 
parts of the complex model. To accomplish that, the simulation formulas can be complemented with rules that 
monitor those simulated variables to either set other values, particularly those that are further integrated into 
an state variable, or bv controlling parts of the model. For example, a bioProcess or a bioReservoir can be 
programmed to be active onlv for certain time intervals during a simulation run, by means of rules or procedures 
that control the activation and deactivation of its subworkspace. Those time intervals may be either directly 
specified or dependent on the values of other parameters or variables or any of their combinations. Rules may 

• be defined to monitor the simulated values of specific variables, such as the Quantity of a given bioPool or the 
Velocity of a given bioEngine, to be compared with a specified threshold, that when reached causes that rule to 
trigger some actions, such as setting the values of other parameters or variables, or activating and deactivating 
the subworkspace of one or more bioProcesses or bioReservoirs, or starting one or more procedures. Such rules 
in turn may be: a) if-type rules with their "scan-interval" attributes set to a specified time interval that 
preferably matches the rime-interval used for the simulated variables, which means that such rules are invoked 
once every such interval; or b) whenever-type rules that are invoked whenever the specified variable receives a 
value and which trigger specified actions when such value fulfills any specified constraints; or c j initially-type 
rules, that mav for example be hidden in the subworkspace of a bioEngine or bioPool. and which will be 
invoked once'everv rime the subworkspace of their superior bioProcess or bioReservoir is activated, and which 
may trigger any of the actions described above which may apply to any bioProcess or bioReservoir in the 
complex model. 

• One of the several applications of this invention is that of a system for signal processing and signal integration. 
In such svstem, simulations can have three levels of control through: 

- the interactions expliritlv modeled in the architecture of the graphic design of this invention, namely the 
network of connected bioReservoirs and bioProcesses, which represent and determines the specific interactions 
of the different components of the complex model; 

- the propagation through such network of the dynamic changes in the values of the variables of such components; 

and 

- through the signals transmitted by the smoothed thresholding implicit in the design of the Contribution variables 
of the bioReactants which determine the output values of the Velocity of the bioEngines, and 

- through the rates of consumption of the bioReactants and the rates of production of the bioProducts, that 
determine new changes in the values of the Concentrations, now amplified to a larger number of bioPools, which 
in turn initiate new waves of value propagations. 

• The simulation starts after a perturbation, such as a Concentration -En try, Density-Entry or Scaled-Entry, has 
been intmduced and integrated in the overall system's equation: d|E|(t}/dt =» [El(t) + entry * I inputsO) - \C\E\tU 
- 1 outputs^) In this svstem. the bioReservoirs and bioPnxesses placed in a biological compartment-layer are 
activated successively in time and space, as the activation signal is propagating forwards based on various 
chaining relationships between those structures established during the initialization process accordmg to the 
downstream or upstream positions of each of those structures respect to the others. 

. "When starting the knowledge base, the C2-s finds the initial values for all variables that receive values trom 
simulation formulas, and then executes the main simulation procedure. For each simulation cycle, the 
C2-simulator evaluates in order: 1 . simulated state variables and parameters , 2. dependent variables and 
parameters, and 3. the main simulation procedure. The C2-s only evaluates one, the most specific simulation 
formula for each variable" 

• BioReservoirs which variables have scaled values can be mixed in a simulation with BioReservoirs which 
variables have quantitative values, since both tvpes of outputs are integrated at the bioProcess level only after 
being transformed to a scaled value. However, the output values of the variables of BioReservoirs and or the 
thresholding parameters, such as Km, Kd, Ki or kp, have to be of the same type, either quantitat.ve or scaled 
The choice of scaled values between 0.0 and 100.0 for basal-Concentration, based on the knowledge ot the 
domain expert, can also be entered manually within the table of attnbutes of the bioReservoir. 

. Tabular functions of one argument allow to deal with situations when the algebraic relationship between two 
bio Variables is not known but experimental data is available, which allows to build a table that relates a >et 
of values that represents the magnitude of a cause with the set of values that represents the magn.tude ot the 
corresponding mechanistic effects or cellular responses, and stratchHine interpolation .> optional. The>e are 
important tools to biologist who frequently measure complex cellular responses to external factors. 
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Alternative Implementations and Variations 

a) An equivalent system can be build with a less graphic interface by substituting each of the component? 
represented in the current implementation as iconic bioObjects upon of the subvvorkspace of bioReservoirs and 
bioProcesses, and representing them instead as attributes of the bioReservoirs and bioProcesses, respectively. 
Examples of this alternative implementation are shown in Tables _ and The corresponding methods would 
need only minor modifications, such as for example, by substituting the current expression "the bioPool upon the 
subworkspace of bioReservoir X" with "the bioPool that is an attribute of bioReservoir X"; or substituting the 
current expression "the bioReactant-1 connected at port-1 of the bioEngine upon the subworkspace of 
bioProcess X" with "bioReactant-1 of bioReservoir X", where each of the specific bioReactants connected to 
each of the specific stubs of a specific type of bioEngine are now converted into specific attributes of the specific 
type of bioProcess, and where those attributes are not values but objects, and where those objects may have as 
attributes other objects. For example, the bioPosts now connected with each bioReactant and bioProduct can 
also be implemented as and attribute of such bioReactant or bioProduct, while the two sets of bioPosts 
connected to a bioPool can now become two sets of attributes objects of the bioReservoir, such as lnput-1 or 
Output- 3. By defining a specific attribute, such as "post" for these new classes of objects, the specific distant 
connections can now be established by giving the same unique value to the "post" attributes of one of the 
bioReactant attributes of a bioProcess and one of the Output attributes of a bioReservoir, or by giving the same 
unique value to the "post" attributes of one of the bioProduct attributes of a bioProcess and one of the input 
attributes of a bioReservoir. The result of this alternative implementation is that the different levels of 
encapsulation currently provided through the workspace hierarchy would then be provided by an attribute 
hierarchy, and the current representation of those components by their icons would be then limited to their . 
representation by their tables of attributes, which are also part of the current implementation. Many of the 
tasks associated with the menus of the icons of those components or other auxiliary icons can be associated in 
the alternative implementation as menu options of the superior bioReservoirs and bioProcesses, as many of 
those are already currently implemented. The advantage of using the approach described in the currently 
preferred embodiment of this invention is that the more graphic interface is more intuitive for the user, and easier 
to use. The disadvantage is the additional memory required to store the additional graphical structures. 

b) Another alternative is to replace the complex knowledge-structures bioReservoir and bioProcess by the 
components encapsulated in their respective subworkspace*, after some modifications. One of the several 
possible alternatives is to bypass the bioReservoir and the bioProcess structures altogether, and to encode the 
pertinent information here defined within the bioReservoir' s table of attributes in the bioPool's table of 
attributes, and to encode the pertinent information here defined within the bioProcess's table of attributes in the 
bioEngine's table of attributes, and to construct the iconic components now contained in the subworkspaces of 
the bioReservoirs and bioProcesses directly on the desired workspace. The advantage of using the approach 
described in the currently preferred embodiment of this invention is that the bioReservoir and bioProcess 
structures encapsulate the details and simplifies the schematics, and makes easy the cloning and transfer or the 

p reconstructed structures from one location to another, making the task of developing new models or modifying 
existing rime much faster and keeping complex schematics simpler. The disadvantage is the additional memory 
required to store the additional graphical structures. 

c) An alternative more compact implementation that would still allow developing multidimensional pathways, 
bypassing the need tor bioReservoirs, is to directly connect all the bioReactant*post and bioproduct-post that in 
the current implementation are connected to the same bioPool, by giving them all the same name. In such 
implementation, the "ref*bioentity" attribute, as currently defined for the class bioReserv oir could instead be 
defined for the classes bioReactant and bioProduct, allowing in that way access to the bioEntity corresponding 
to an instance of bioReactant or bioProduct that would provide the physical description of such bioReactant or 
bioProduct. This implementation would allow the user integrating the description of structure with function In 
another related implementation, the variables and parameters, inputs and outputs, as well as other attribute*, as. 
currently implemented as attributes of the bioReservoir or its bioPool, or as separate icons within the 
bioReservoir, could be implemented as attributes of the currently corresponding bioEngine. 

d) Other of the many alternatives include: storing the bioReservoir or equivalent structure within the 
subworkspace of the bioEntity: or storing the bioEntity within the subworkspace of the bioReservoir 
However, note that in the current implementation, the bioEnhries are stored independently of the bioReservoirs 
because in many cases, and particularly dealing with very large applications, it may not be necessary to store 
one bioEntity for each bioReservoir, and instead pnnotypic bioEntities can be used that are shared by many 
bioReservoirs. But even in such cases, another alternative is storing all the bioReservoirs that in the current 
implementation would refer to the same bioEntity in the subworkspace or such bioEntity. 
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e, The concepts and methods subject of this invention can be applied with each of me ob^t-onented ^expert *y .ten, 
shells horn various vendors, after those capabilit.es no. provided by that part.cular shel are add,t,onally 
encoded. An equivalent of those capabilities of the selected shell that are requ.red to apply *e concepts and 
methods of this invention may also be custom built from scratch or by combining a set ot oft-the-shelt 

components. 

ft There are manv sophisticated capabilities that can be further developed with this system, which a 
knowledgeable expert can derive from the teachings of this invention. Here, only a few .mportant ones o. which 
will be described in detail: 

it) As an alternative, the methods here represented could in part be compiled using this Shell or other shells of the 
compiled tvpe, including but not limited to RTworks and Activation Framework. Thecomp.lat.on may unprove 
Performance at runtime bv eliminating graphical interpretation of the .conic components . However, comp.lat.on 
does not facilitate frequent modifications of the design and information contained in the .con.c components . a 
feature which is of great importance when modeling biochemical systems, the knowledge of wh.ch a bong 
continually updated and improved. 

hi The same concepts described in this invention can be slightly modified by a person skilled in the art. to 
incorporate multiple inheritance capabilities, allowing the bioObjects to inherit attributes from two or more 
superior classes. Additional controls and code may be required in that case to resolve conflicts that may appear 
when more than one superior class have the same attributes but receiving values from different sources, or 
through different methods. 

i) Manv of the symbolic variables or parameters could be also represented as logical variables or parameters, 
with or without fuzzv-beliefs. bv simply changing the language of the attribute name and .ts values For 
instance an attribute called status could have values: available, unkmen and uttava,lable: or .t could 
alternatively be called is-anilable and have values true, mhmrn or false, the unknown assoaated with 
fuzxi-belief* , such as the range 02-0.8. 

,) To f urther control the behavior of anv component of a simulation, different types of filters could be applied to. 
for example, the Density (or Concentrahon) of bioPools or to the Velocity of bioEngines. These tilters can be ot 
anv of the types of filters used in signal processing control systems, such as low-pass or ideal h.gh-pass t.lters I 
such as H(jo»=e-i«"" for I «*l > ^ else H(ja»=0 ), Gaussian filters (H«o)-e-«»' A 2 v j<*o and Such 
filters could be executed in either formulas or procedures, that could be generic for a whole class of variables, 
or more spec.fic for certain instances or group of instances. The specific filters are more useful if fine control .* 
required. 

k) The Density (or Concentration) of a bk>Pool is the result of multiple interactions and is represented as a 

differential'equanon in the present embodiment. Alternatively, it could be represented as a discrete-t.me l.near 
astern or a continuous-time linear system of equations, or whenever the Shell is able to handle vector*, as the.r 
equ.valent matrix system. Difference or d.fferenrial equations can be converted to state form, and the state 
enables of the svs'tem are them described as a state vector, the coefficient* of the variables are described a> a 
*vs.em matnx and the forcing terms are described as the forcing vector, following standard procedures 
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TABLE 1 



I. Group of variableStructures 

Group of Parameiers 
Group of Variables 
Class Lists 
Class Array 

II. Group of visualObjects 
A. Auxiliary Tools 

Class Button 

Class Graph-Tracer 

Class scaled-BR-graphTracer 
Class absoluie-BR-graphTracer 
Class scaicd-BP-graphTraccr 

Class Lists-Tracer 

Class BR-cluuning-Tracer 
Class BP-chainine-Traeer 
Class Query -Tracer 
Class Basal-density -source -Tracer 
Class BR-scroll-Tracer 

Class Path-Tracer 

Class Doun-pauVTracer 
Class Up-path-Tracer 
Class Complex-paih-Tracer 

Class Action-Button 

Class go-to-sw-Buuon 
Class paletteButton 
Class go-to-ws-Buuon 
Class hidc-ws-Bution 
Class go-uvsup-obj-Buuon 
Class Change-Mcxic-Button 
Class Resize- Button 

Class bioConnection 

Class P-conncction 
Class R-conncction 
Class Link 
Class Line 
Class Graph-Link 
Class Icon-Wire 

Class bioPost 
Class bioPool-Post 

Class bioPool-R-Post 

Class bioPool-P-Posi 
Class hioRolc-Post 

Class bioRcacuwt-Post 

Class bioProduct-Posi 

Other Tools 
Class Inference-block 
Class Model-block 
Hass Model-box 
Class Experimcni-Sclcciion 
Class bioEntity-Noies 
Class hioRct'erence 



B. Class bioOhject 

Class bio View-Object 

Class bioModel 

Class bioProcess 

Class bioReservoir 

Class bioEntity 

Class bioKole-Object 
Class bioReaciani 
Class bioProduci 

Class bioNode-Object 

Class bioPool 
Class sol-mol-pool 
Class bound-mol-pooi 
Class mcrnbr-hound-mol-pool 

Class bioEnpine 
(sec subclasses in TABLE 62) 

C. Group of Panels 

Selection-Pane I 

Query-Panel 

Entry-Panel 

D. Group of Punel.Controls 

Class Toggle-Buttom 
Class Radio-Butiom 
Class Check-Box 
Class Type-in-Box 

E. (p roup of Display s 
Class Graph 
Class Scroll Area 
Class Message 



IV. Group of Inference and 
Simulation Structures 
Class Relation 
Class Rule 

Class Tabular-Function 

Class Generic-Formula 

Class Generic-Simulauon-Forrnula 

Class Specific-Formula 

Class Spcciftc-Simulauon-Formula 

Class UniLS-of-Mcasure-Dcclaruuon 

Class User-Mcnu-Choice 

Class Procedure 
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Class name outcome-par 

Superior class s> mbobc-pararameter 

A I tributes specific lo class none 

M&uiXT f * symK>yc-p«r: ^n-^ld 

TABLE 03 

Class name »nt-par 

Superior class integer-parameter 

Attributes specific to class none 

Default sellings options lor parameter: do lorwaiU chain 

Icon description width 40; height 40: 

Class name generation-number-par 

Superior class int-par 

Attributes specific to ciass none 

Default settings iniual value lor integer-parameter 

Class name *"P° S 

Superior class int-par 

Attn butes specific to c lass none 

[viauh s**iiini!s none . , 

Us,rca;rduM ; value at standard posuion 

Icon description width 50: height 18: 

Class name > -P° s 

Superior class int-par 

Ai tributes sj vci fic to class none 

ivm^uIi settings none 

Uinbiie displuvs lasl-recordcd-value at standard position 

icon description wW* l*>« nl 1 8: 

TABLE 4 



Class name 
Superior class 
Attributes specific to class 
Default settings 



float- par 
float- parameter 

none 

options for parameter: do forward chain: 
initial value for float-parameter: 0.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



phenoiype-par 

lloat-par 

none 

data type for quantitative- parameter: per- cent 



Class name 
Superior class 
Attributes specific to class 
Default settings 

— ..-..--.---*•-*' 

Class name 
Superior class 
Attributes specific to class 
Default setungs 



cell-number- par 

fli>al-pur 

none 

data type lor quantiiauve-parameier: cells 
.«....•-••--*•-••--•*»«-••-—-•-""**■-"*"**"**""*"* 
cell-radius- par 
float-pur 
none 

data type forquanutaiive-pararneter: microns, 
initial value fix quantitative-parameter: 10 



Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default setungs 



cell-mass- par 

float-par 

none 

initial value for float-parameter: 0.0 

compartment- suruce-par 
float-par 

none .. ti ^ 

initial value for quantitative -parameter v.Vw-w. 
datatype lor quaniitauve- parameter, sq- microns 



Class name 
Superior class 
Attributes specific to class 
Default settings 



compartment- volume- par 
float-par 



none 



initial value for quantitative-parameter: y ve-w. 
data type for quantitative- parameter: liters 



Class name 
Superior class 
Altnbutes specific to class 
Default settings 



cell- volume-par 
float -par 

nono i ii 

initial value for quuntitative-parameicr. i 1 1. 

data type for quaniiuiuve-pardmeter: uwr* 
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TABLE 5 



CU.s name 
Superior class 
Attributes specific to class 
Default sou in vis 



temperature par 
float- par 
none 

initial value for float -parameter: 37.0: 

data type for quantitative -parameter, degrees 



Class name 
Superior class 
Attributes specific to class 
Default settings 



temp- tac tor par 

float-par 

none 

initial value for float-parameter: 1.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



pH-par 
float -par 
none 

initial value for float- parameter: 7.4 



Class name 
Superior class 
Attributes specific to class 
Default scttines 



pH-factor-par 

float-par 

none 

initial value for float-parameter: 1.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



bias-par 
float-par 
none 

initial value for float -parameter: 0.0 



Class name 

Superior class 

At tributes specific to class 

IX* fault settings 



alpha-coeff-par 

float-par 

none 

initial value for float-parameter: 1 .0 



Class name 
Superior class 
Attributes specific to class 
Default setting* 



tau-coeff-par 

float-par 

none 

initial value for float-parameter 1.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



rate-const ant -par 

float-par 

none 

initial value for float -parameter: 0.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



cell -progress km -rate -cons tain -par 

rate -constant -par 

none 

initial value for float -parameter: 0.0 



TABLE 6 



Class name 
Superior class 
Attributes specific to class 
Default settings 



phy s to I - amou nt • par 

float -par 

none 

initial value lor float -parameter: 9.9c-99 



Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default settings 



phy siol -cone-par 
phy siol -amount -par 
none 

datatype for quantitative -parameter molar 



phy siol -density-par 
phy *iol- amount- par 
none 

data type for quantitative-parameter upce 

phy siol -ce 11 -cone -par 
physiol-amoum-par 
none 

data type for quantitative-parameter: ce-p-ml 

physiol -cell-density-par 

physiol-amount-par 

none 

data type for quantitative-parameter, cc-p-co 



Class name 
Superior class 
Attributes specific to class 
IX: fault settings 



scaling -densiry -par 
float-par 

set -by -user is false 

initial value lor quantitative -parameter 99.999: 
data type for quantitative-parameter: upce 
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TABLE 7 



Class name 
Superior class 
Attributes specific to class 
Def ault settings 



basal-amoum-par 

float-par 

none 

initial value for float-parameter: 9.9e-99 



Class name 
Superior class 
Attributes specific to class 
Default settings 



basal-conc-par 

bxsal-amount-par 

none 

data type for quantitative-parameter m 



Class name 
Superior class 
Attributes specific to class 
Default settings 



basal -quantity -par 
basal-amount-par 
none 

data type for quantitative-parameter, units 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



basal-density-par 
basal-amount-par 
none 

data type for quantitative-parameter: upce 



Class name 
Superior class 
Inherited attributes 
Default settings 



basal-cell -cone-par 

basal-amoum-par 

none 

data rype for quantitative-parameter: cepl 



Class name 
Superior class 
Inherited attributes 
Default settings 



basal-cell-densiry-par 

bxsal-amount-par 

none 

data type for quantitative-parameter: cepco 



TABLE 8 



Class name time-delay-par 

Superior class int-par 

Attributes specific to class none 

Default settincs data type for quantitative-parameter: seconds: 
initial value for integer-paramo ler. 0 

Class name clapsed-simul-time-par 

Superior class int-par 

Attributes specific to class none 

Default settings data type for quantitaiive-paramoier: seconds 

Class name acuvaiion-inierval-par 

Superior class float-par 

Attributes specific to ctoss none 

Default settings data type for quantitative-parameter: seconds 

Class name clock-imenal-par 

Superior class ac«vaiion-iiuerval-par 

Attributes specific to class none 

Class name time-interval-pai 

Superior class activation-inicrval-par 

Attributes specific to class none 

Class name deaciivatwn-imcrval-par 

Superior class float-par 

Attributes specific to diss none 

Class name timer-count -dovn-par 

Superior class int-par 

Attributes specific to class none p^nn 

Default settincs initial value for float- parameter: 8N40O.0 

data type for quantitative-parameter: seconds 

Class name limersrount-up-par 

Superior class float-par 

Attributes specific to clxss none 

Default settincs initial value for float -parameter: 0.0: 

jata rype for quantitative -parameter: seconds 
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TABLE 9 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Default settings 
Icon description 



lloat-pvar 

float-parameter 

none 

none 

options for parameter: do forward chain 
lloat-pvar-pattern (width 50: height 40) 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Default settings 



Class name 
Superior class 
Attributes specific to class 
Default settings 



entry-pvar 
lloat-pvar 
none 
none 

history keeping spec: keep history with 
maximum number of data points = 4 

sealcd-cniry-pvar 

entry-pvar' 

none 

initial value for quantitative-parameter: 0.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



amoum-cntry-pvar 

entry-pvar 

none 

initial value for quantitative-parameter: 0.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



eone-entry-pvar 

amouni-cmry-pvar 

none 

data type for quantitative-parameter: m 



Class name 
Superior class 
Attributes specific to class 
Default settings 



density-emry-pvar 
amouni-cmry-pvar 
none 

data type for quantitative-parameter: upec 



Class name 
Superior class 
Attributes specific to class 
Default settings 



quantuy-cntry-pvar 

amount-cntry-pvar 

none 

data type for quantitative-parameter: units 



Class name 
Superior class 
Attributes specific to class 
Default settings 



cell-conc-cntry-pvar 

.amouni-cmry-pvar 

none 

data type for quantitative-parameter: cepl 



Class name 
Superior class 
Attributes specific to class 
Default settings 



cell-dcnsity-cmry-pvar 

amouni-cmry-pvar 

none 

data type for quantitative-parameter: cepco 
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TABLE 10 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



amount-pvar 

lloat-pvar 

none 

initial value for tloai-parameter: 9,9e-99; 
history keeping spec: keep hisiory with 
maximum age of data points = 10 minutes 



Class name 
Superior class 
Attributes specific to class 
Default settings 



accumulation-pvar 

amount-pvar 

none 

none 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



scaled-amount-pvar 

floai-pvar 

none 

initial value for float-parameter: 9.9e-99: 
history keeping spec: keep hisiory with 
maximum age of data points = 10 minutes 



Class name 
Superior class 
Attributes specific to class 
Default scitings 

Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default sellings 



conc-pvar 

amouni-pvar 

none 

data type for quantitative-parameter: m 

density-pvar 
amoum-pvar 
none 

data type for quantitative-parameter: upce 



cell-conc-pvar 

amount-pvar 

none 

daia type for quantiiaiivc-parameter: cepl 



Class name 
Superior class 
Attributes specific to class 
Default settings 



cell-dcnsity-pvar 

amount-pvar 

none 

data type for quantitative-parameter: cepco 



Class name 
Superior class 
Attributes specific to class 
Default settings 



quantuy-pvar 
amount-pvar 
none 

data type for quantitative-parameter: units 



Class name 
Superior class 
Attributes specific to class 
Default settings 



contribution-pvar 

float-pvar 

none 

initial value for float-parameter: 9.9e-99; 
history keeping spec: keep history with 
maximum ace of data points = 10 minutes 
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TABLE 42 



Class name 
Superior class 
Attributes spec it ie to class 

Class restrictions 



Menu option 
Inherited attributes 

Icon description 



bioemiiy 
hioobiect 

id is "": 

references is "": 

unless in administrator, or developer nv*ie: nwnu choices exclude 
additionally: go-to-subworkspace. disable, describe, name, move: 

when in simulation, navigation, or general mode: 
menu choices lor bioemiiy exclude additionally: transfer. 

clone, chance-size, color. create*local. delete: 
non-menu choices tor item exclude additionally: move-object, 
move-connection, eliek-to-edit 

not a final menu choice 

label is "". with an index: 

description is "" 

hioentity-paitem (width 100: height 80: dark-color * dim- gray, 
light-color » light-gray, white-color « white, type-color * 
purple, status-color » nwdium- aquamarine. 



TABLE 43 


Class name 


simple-bioenuty 


Superior class 


bioemiiy 


Attributes specific to class 


position is ""*. 




superior-hioeniity. with an index: 


Class restrictions 


when in developer or modeler mode: 




menu choices tor simple-bioeniity include additionally: rotate-rcflcct 


Menu option 


not a final menu choice 



Class name 


protein-site 


Superior class 


simplc-biocntity 


Attributes specific to class 


none 


Menu option 


not a final menu choice 


Attribute displays 


position at standard position: 




label offset by t -30. 35) 


Stubs 


a link locaied'at bottom 14 


Icon description 


width 28: height 40: 


Class name 


ligand.site 


Superior class 


protein-site 


Attributes specific to class 


none 


Icon description 


ligand.site-paitcrn iwidth 3*: lieight 2ft: lime-green) 


Class name 


tyr.site 


Superior class 


protein-sue 


Attributes specific to class 


none 


Icon description 


tyrsitc-pauem (width 28: height 40: green) 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 

Stubs 

Icon description 



protein- modified- group 

sirnplc-hioemiiy 

modifiers is *"*" 

not a final menu choice 

position at standard position: 

label offset byt-30.35» 

a link located at bottom 1 5 

paMein-modified-group-patteni t width 30: height 32) 



Gas* name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



gly.isoprenyl. linker 
prote in- nx>di fied- group 
none 

a link located at right 20 

gly.isoprenyl.linker-paticrn \ width 66: height 36: violet ) 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



tyr.p-group 

protein- modi fied- gro up 

none 

inherited 

tyr.p-group- pattern i width 30: height 32: green) 



lol 
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TABLE 44 

Class name complex-hiocnury 

SEs^cUic to clas> Sate has values show or hide (default is HIDE) 

vv j mines is : 

m aster -bioeiuity. with an index 
Menu option not a final menu choice 

ClaVrname bioentity<omponent 
Superior class complex-biocntiry 
Aitnhutes specific to class supenor-btoenhiy: 

position is " 

Class restrictions when in developer or modeler mode: 

menu choices tor biocnuty -component 
include additionally: rotate -reflect 
Menu option not a final menu choice 

Class name membrane 

Superior class bioentity -component 

Attributes specific to class none 

\Wu oniion not a final menu choice 

LoSde&n ""f^ 

Class name plasma-membrane 

Superior class membrane 
Attributes specific to class none 

Icon description plasma-nKmbrane-patiern 

ClasTname protein-component 

Superior class buxmiity -component 

At tributes specific to class none 

Menu option not a final menu choice 

Attribute displays label otlset by • < 4> . 

Class name protetn-Uomain 
Superior class protein-component 
Attnbutes specific to class none 
Atinbute displays label olfset by < 42. .16k 

position onset by (47. -25) 
c.uhc a link located at top 40: 

alinkUvaiedairichi23: 

a link located at bottom 40: 

u iink located at left 23 
Icon description protein-domain-pauem 

Cl^Vnanie iibroneciin-rypelll-domam 

Superior class protein-domain 

Attributes specific to cla>s tunie 

Uon description fl ^^' lm ^"^ 

Class name Una-component 

Superior class hlotfnli |> '^{^ ™ n * 

Attributes specific to class size is 0 BASh-rAlK* 

Menu option ™* a Unal mcnu cbo ^ 

Clas7narne dna-motif 

Superior class dna-comrxwm 

Attnbutes specific to class position is 

Menu option a final menu choice 

c tuh ^ 1 a link located at top 40: 

Mun> a link located at neht 23. 

a link located at bottom 40: 

a link located at left 23 

Icon description dna * Uoma,n ;[^.^^ 

Class name tata-box 

Superior class dna-motil 

Attnbutes specific to class none 

Icon description tata-box -pat tern 
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TABLE 45 



Class name 

Superior class 

Aiuihutes specific to class 



Menu option 
Stubs 



molecule 

complex-bioentity 
synonims is "": 
in-species is " M : 
in-tissucs is " M ; 
in-cells is * *: 
in-organelles is " H 
not a final menu choice 
a link located at top 30: 
a link located at right 41): 
a link located at bottom 50: 
a link located at left 40 



Class name 
Superior class 
Attributes specific to class 



Icon description 



protein 
molecule 

cas-number is 00000-00-0. widi an index: 

number-amino-acids 

sequence is " ": 

mol-weight is 0 DALTONS. with an index: 
isoelectric-point is 0.0: 

pnHcin-pauem (width 100: height 80: dark-color = dim-gray, 
light-color = light-gray, white-color = white, type-color = 
yellow, status-color = medium-aquamarine: 



Class name 
Superior class 
Atuibutes specific to class 



Menu option 
Icon description 



enzyme 
protein 

cas-number is "EC 0-0-0-000". with an index: 

substrates-info is 

inhibitors-info is N ": 

ligand-info is 

not a final menu choice 

enzyme-pattern (width 100: height 80: 

dark-colors dim-gray, light-color = light-gray. 

type-color » red. status-color = dark-gray: 



Class name 
Superior class 
Atuibutes specific to class 
Icon description 



p.tyr.kinase 

enzyme 

none 

p.tyr.kinase-pattern ( type-color = coral) 



a p.tyr.kinase 

Names 
Label 

Description 
kl 

Toggle state 
References 
Master bioentity 
Synonims 
In species 
In tissues 
In cells 
In organelles 
Cas number 
Mol weight 
Isoelectric point 
Sequence 
Substrates info 
Inhibitors info 
Lisands info 



none 



hide 



none 



"EC 0-0-0-000" 
0 DALTONS 

0.0 
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TABLE 46 ^ 

Class name bioenuiy-notes 

Superior class bioiool 

Attributes specific to class label is with an index: 

togele-state has values show or hide (default is HIDfc) 
Class restrictions unless in administrator or developer mode: 

selecting any bioentity-notes implies details 
Attribute displays label offset by (-42. 20) 

to^Krimion bkKntity-notes-pattem (width 74. height 48: ^k-color = 

1 dim-gray, light-color = lichi-gray. white-color = white: 

Class name image 
Superior class bioenuiy-notes 
Attributes specific to class label is with an index: 
references is*"*: 

Icon description function.notes-pauem ^ 

Class-name mol.se^uence 
Superior class bioenuiy-notes 
Attributes specific to class label is ,M . with an index: 

lengTHis"": 

description is"": 

references is "": 

id. with an index: 

action-proc-name is orb-go-io-subws: 
toggle-state has values show or hide (default is HIDE* 
Icon description mohscquence-paiiern 

Class name tunction.notes 
Superior class bioenuiy-notes 
Attributes specific to class label is "\ with an index: 

references is 
Icon description function.noies-pattem 



Class name reference .notes 

Superior class bioenuiy-notes 
Aitributes specific to class none 
Icon description rcference.noies-pauern 

Class name dendrogram 
Superior class bioentity-notes 
Attributes specific to class label is "Dendrogram : 

references is ""; 

comments is 
Icon description dendrogram-pattern 



lib 
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TABLE 47 



Class name 

Superior class 

Aiuibuics specific to class 



Capabilities and restrictions 
Class restrictions 



Menu option 
Attribute displays 
Icon description 



hiorescrvoir 
bio view-object 

references is given by a references-array; 
compartment is ""; 
rcf-biocntity is none: 
master-biorcservoir is none: 

status has values available, selected, sclected-lor-input. 
sclcctcd-for-outpui. down-selected, up-selected, ibrw- 
activated. back-activated, downstream-activated, upstream- 
activated, or deactivated (default is AVAILABLE), 

decay-rate-factor is 2.0c-4: 

il-scalinc-biorcservoir is none: 

if-scaling-amoum is 100: 

scaied-basal-amount is 9.9e-9: 

physiol-abundance has values highest, abundant, sicadv-state. 

low-induced, or only-induced klelault is ONLY-INDUCED) 
activatable-subworkspacc 

unless in administrator or developer mode: menu choices 
exclude additionally: go-to-subworkspacc. clone: 
attributes visible exclude additionally: status: toggle-state, 
master-biorescrvoir: 
when in simulation, navigation or general mode: 
menu choices exclude additionally: move. name, color, 
delete, disable, change-size, create-subworkspacc. 
transfer, describe, clean-clone: 
non-menu choices exclude additionally: move-object: 
when in general mode: 
menu choices exclude additionally: simul-panel. 

show-s.graph. hide-s.graph: 
attributes visible exclude additionally: decay-ratc-i actor, 
scaied-basal-amount: it-scaling-biorescrvoir. 
if-scaling-amount. 
when in navigation mode: 

selection of any biorcservoir implies details 
not a final menu choice 
label offset by (-57, -30) 
bioreservoir-pauem i width 96: height 56; 
dark-color = dim-gray, light-color = light-gray, 
vvnite-color = white, status-color = medium-aquamarine, 
ilag -color = medium-aquamarine, type-color = pale-green. 



Class name 
Superior class 
Attributes specific to class 



bound-mol-rcscrvoir 
biorcservoir 

normal-basal-dcasity is 9.9c-99: 
physiol-max -density is 9.9C-99 



Class name 
Superior class 
Attributes specific to class 
Icon description 



macrtvcomplcx-rescn'oir 

bound-mol-rescrvoir 

none 

inherited 



Class name 
Superior class 
Attributes specific to class 

Class name 
Superior class 
Attributes specific to class 



cell-receptor-rcscrvoir 

bound-mol-rescrvoir 

none 

membr-bound-rcscrvoir 

bound-mol-rcscrvoir 

none 



/// 
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TABLE 48 



Class name 
Superior class 
Attributes specific to class 



sol-mol-reservoir 
bioreservoir ' 

nonnal-hasal-conccniration is 9.9e-99: 
physiol-max-eonccmration is 9.9e-99 



Class name 
Superior class 
Attributes specific 10 class 



im-sol-mol-rescrvoir 

sol-mol-reservoir 

none 



Class name 
Superior class 
Attributes specific to class 



ext-sol-mol-reservoir 

sol-mol-reservoir 

none 



Class name 
Superior class 
Attributes specific to class 



gcnet-mol-rcscrvoir 
bioreservoir 

normal-basal-density is 9.9e-99: 
physiol-max-density is 9.9e-99 



Class name 
Superior class 
Attributes specific to class 



exp-cell-reservoir 
bioreservoir 

normal-hasal-concemration is 9.9e-99: 
physiol-max-conccntraiion is 9.9e-99 



Class name 
Superior class 
Attributes specific to class 

Icon description 



cell-reservoir 
bioreservoir 

normal-basal -density is y.Ve-99: 
physiol-max-density is 9.9e-99 
cell-rcscrvoir-panern i width 96: height 56: 
type-color = coral ) 



a cell-reservoir 

Names 
Label 

Description 
References 
Warnings 
Toggle state 
Compartment 
Ret bioenuty 
Master bioreservoir 
Status 

Decay rate factor 
If scaling bioreservoir 
If scaling amount 
Scaled basal amount 
Physiol abundance 
Nivmal-hasal-density 
Physiol-max-density 



none 



hide 

none 
none 
available 
2.l)c-4 
none 
1<X> 
9.9C-9 

onlv-induced 
V.9e-99 UPCE 
9.9e-99 UPCE 
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TABLE 49 



Class name hiopool 
Superior class bionode-object 

Aiuihmes specific to class basal-density is given by a basal-deiisity-par: 
sealing-density is given by a sealing-density - 
parf 

density-entry is given by a densiiy-entry-pvar: 
scaled-entry is given by' a scaled-eniry-pvar; 
input-rate is given by an input-rate-pvar; 
output-rate is" given by an output-rate-pvar: 
accumulation is given by an accum-pvar: 
density is given by a density-pvar: 
scaled-amount is given by a seaicd-amount- 
pvar; 

Class restrictions unless in administrator or developer mode: 

menu choices exclude additionally: 
describe, rotate-reflect. move, transfer 
when in simulation or explorer mode: 
menu choices exclude additionally: 
add-scaled-input. add-input. add*output. 
add-iop-post. add-bouom-post: 
when in explorer mode: 
menu choices exclude additionally: 

simul-panel: 
aiiributes visible exclude additionally: 
basal-density, density-entry, density 
Inherited attributes label is "\ with an index; 

description is 

Attribute displays input-rate, output-rate, accumulation-rate. 

scaled-amount offset by (105. 20) 
Siubs an input-box-connection inp located at top 8: 

a sealed-inpui-box-connceiion sip located at 
top 1 7; 

an output-box-connection oup located at 

bottom 15: 
a p-connection pOI located at top 37: 
a p-connection p02 located at top 50: 
a p-connection p03 located at top 62: 
a p-connection p04 located at top 75: 
a p-conncction p05 located at top 87: 
a p-eonnccuon p<)6 located at top 100: 
a p-conncction p()7 healed at top 1 12: 
a p-conneciion p08 located at top 1 25. 
a p-connection p09 located at top 137: 
a p-connection plO located ai top 150: 
a p-conncction pi 1 located at top 162: 
a p-conncction pi 2 located at top 175: 
a r -connect! on roi located at bottom 37: 
a r-conncction ri)2 located at bottom 50: 
a r -connection K)3 located at bottom 62: 
a r -connection r04 located at bottom 75: 
a r-connection r05 located at bottom 87: 
a r-connection ri)6 located at bottom 100: 
a r-connection r()7 located at bottom 1 1 2; 
a r-connection rOR located at bottom 125: 
a r-connecuon r<)9 located at bottom 137: 
a r-connecuon rIO located at bottom 150: 
a r -connection rl 1 located at bottom 162: 
a r-connection rl 2 located at bottom 175 
a graph-link s-plot located at left 11: 
a graph-link a-plot located at left 31: 
a graph-link lists located at right 11: 
a graph-link query located at right 31 : 
Icon description biopool -pattern ( width 180: height 42: 

dark-color = dim-gray, light-color = light- 
gray, white-color = white, typc-coio: = 
green-yellow 



//3 
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TABLE 50 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Stubs 

Icon description 



hound-moi-pool 

hiopool 

none 

inherited 

inlierited 

hioponl-pattern (width 180: height 42: 
dark-color = dim-gray, light-color = light- 
gray. white-color = white, status-color = 
forest-green, type-color = medium-goldenrod) 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



eell-receptor-pool 

bound-mol-pool 

none 

a final menu choice 
cell-receptor-pwl-pattem 



Class name 
Superior class 
Aiuihutcs specific to class 
icon description 



membr-bound-pool 

hound-mol-pix)! 

none 

membr-bound-pool-pattcrri 



Class name 
Superior class 
Aiuihutcs specific to class 
Icon description 



macro-complex -pool 

hound-mol-pool 

none 

cell-recepn>r-p<K>l-paiiefH width ISO: height 42: 
type-color = gold) 



Class name 
Superior class 
Attributes specific to class 

Attribute displays 



soluble-mol-pool 
biopool 

hasal-conceniration is given by a hasal-conc-par: 
concentration is given by a cone-pvar 
hasai-conceniraUon. concentration offset by (80. 60): 
input-rate, output-rate, aecumulaiion-nue. 
sealed-amount offset bv * 105. 20) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



int-sol-mol-pool 

soluble-mol-pool 

none 

int-sol-mol-pool-patiem 



Class name 
Superior class 
Attributes specific to class 

Icon description 



cxi-sol-mol-pool 
soluble-mol-pool 

consum-cellAliv-tactor is given by a 

consum-cell-div-iactor-pvar 
ext-sol-mol-pwl-paiiem 



Names 
Label 

Description 

Compartment 

Basal -density 

Sculing-density 

Densify-entry 

Scaled-entry 

Input-rate 

Output-rate 

Accumulation 

Density 

Scaled-amount 

Basal-coiKcntration 

Concentration 

Consum-cell-div-laetor 



an ext-sol-mol-pool 



none 



none 

y .ye-99 UPCE 
UPCE 
0.0 UPCE 
0.0 

y.Ve-w 
y,9e-vv 
V.9C-99 UPCE 
9.9e-V 
y.ye-99 M 
v»e-9V M 

1.0 
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TABLE 51 



Class name gcnel-mol-pool 

Superior class biopool 

Aithbutcs specific to class basal-amount is given by a hasal-quantiiy-par 

Stubs inherited 

Icon description genet-mol-pool-patiem 



Class name exp-cell-pool 
Superior class biopool 

Attributes specific to class basal-concentration is given by a basal-cell-conc-par; 

amount-entry is given by a eell-density-entry-pvar; 
density is given by a ceil-density-pvar: 
concentration is given by a cell-conc-pvar 

Icon description exp-cell-pool-pattem 



Class name cell-pool 
Superior class biopool 

Attributes specific to class basal-density is given by a basal-eell-density-par: 

density -entry is given by a cell-density-eniry-pvar: 
density is given by a eell-density-pvar 

Icon description ecll-pool-patiern 



TABLE 52 



Class name 
Superior class 
Attributes specific to class 

Class restrictions 



Icon description 



biopool-post 
biopost 

■ I ■ tin . 

id is 

ref-bioprocess is none 

when in navigation or simulation mode: 

selecting any bioposi implies show-bp: 
when in explorer mode: 

selecting any biopost implies aciivate-bp: 
when in developer or modeler mode: 

menu choices tor biopost exclude additionally: name. 

move, rotate-refiect chance-size, color, delete. 

describe, creatc-subworkspace. show-bp 
biopool-posi-paticrn (width 17: height 17) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



biopooi-r-post 

biopool-post 

none 

hiopixil-r-post-paticrn i width 17: height 17) 



Class name 
Superior class 
Attributes specific to class 



hiopool-p-post 

biopool-post 

none 



TABLE 5? 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Icon description 

Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



model-box 
bioiool 

toggle-state has values show or hide (default is HIDE) 
unless in administrator or developer mode: 

menu choices exclude additionally: move. name, 
change-size, color, describe, go-to-suh workspace; 

selecting any model-box implies show-sw 
not a final menu choice 
model-box-pauem 

input-inodel-box 

model-box 

none 

a p-connection lt>catcd at right 10 
input-model-hox-pattern 



WO 96/22575 



PCI7US96/00883 



TABLE 54 



Class name 

Superior class 

Attributes specific to class 



Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 



Attribute displays 
Stubs 

Icon description 



bioproccss 
bioview-object 
compartment is 

suitus lias values available, selected, selected- 

I'or-input. down-selected, up-selected, 
forw-activated. back-activated. 

downstream-activated, upstream-activated. 

or deactivated (default is AVAILABLE); 
deactivaiion-hold-interval is given by a ume- 

delay-par. 
master-bioproccss is none 
activaiable-subworkspacc 
unless in administrator or developer mode: 

menu choices exclude additionally: 

go-to-subworkspace. rotate-retlect. 

" change-size, clone: 

attributes visible exclude additionally: 

toggle-state: master-bioprocess: 
when in general, navigation, or simulation 

mode:" 

menu choices exclude additionally:transfer. 

move. name, color, delete, disable, 
describe, ereate-subworkspace. clone. 

labeled-clone, clean-clone: 
attributes visible exclude additionally: 
nines, label: 
when in general or navigation mode: 
attributes visible exclude additionally: 
activation-hold-intenal. deactivauon- 
hold-tnterval: 
when in navigation mode: 

selecting any bioproccss implies details 
when in simulation mode: 
menu choices exclude additionally: 
up-pathway. down-pathway 
not a final menu choice 
references is mn : 
warnings is"": 

toggle-stale has values show or hide 

(default is HIDE*, with an index: 

label is with an index: 

description is 

label offset by (-57. -30) 

none 

biopnx'ess-pattern < widUi 96: height ?6; 
dark-color = dim-gray, light-color = 
light-gray, white-color = white, status- 
color^ slate-blue, type-color = slate- 
blue, llag-color = medium-aquamarine 



Class name 
Superior class 
Attributes specific to ciass 
Icon description 



eell.bioprocess 

bioproccss 

none 

ccll.btoprocess-paiiern 



a cell.bioproeess 




Names 


none 


Label 




Description 




References 




Warnings 




Toggle state 


hide 


Compartment 


available 


Status 


Activation hold interval 


() seconds 


Deactivation hold interval 


<) seconds 


Master bioproccss 


none 
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TABLE 55 



Class bioEnginc 

Class Binding-bioEnginc 
Class Reccpior-bioEnginc 
Class biocngine.Rl.Ll 
Class bioengine.R2.Ll 
Class bioengine.RLLl.ACl 
Class bioenginc.Rl.Ll.ANl 
Class biocngine.R2.Ll.AC2 
Class biocngine.R2.L2. AN 1 

Class Complcx-Formation-bioEnginc 
Class biocngine.U3 
Class biocngine.U5 
Class bioengine.U7 
Class bioenginc.KU3 
Class bioengine.MlC3 
Class biocnginc.C? 

Class DNA-Complex-Formaiion-bioEngine 
Class bioengine.DNA.U2 
Class bioengine.DNA.U5 

Class Conform-Changc-bioEngine 
Class bioengine.CAl.T2 

Class Transport-bioEnginc 
Class bioenginc.EXl.L2 
Class bioengine.M2.EFl 

Class Amplifier-bioEngine 
Class Enzymc-bioEngine 
Class bioengine.E 1 .S 1 
Class bioengine.PKl.Sl 
Class bioengine.PPl.Sl 
Class biocngine.Pascl.Sl 
Class bioengine.LKl.Sl 

Class bioengine.E 1.S2 
Class bioengine.El.Sl.il 
Class bioengine.E 1.S2.I1 
Class bioengine.E 1.S2.I2 
Class bioencine. E3.SI.11 

Class Channcl-bioEngine 
Class biocncine.CHl.IOl 
Class biocngine.CHhlOl.Ll 

Class IonPump-bioEngine 
Class hiwngine.PUl.I01 

Class Lumpcd-bioEngine 

Class Complex-Dissoc-bioEnginc 
Class Translocaiion-bioEnginc 
Class Auio-Cataliuc-bioEnsine 

i<7 
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TABLE 56 



Class name 

Superior class 

Attributes specific to class 



Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 

Attribute displays 
Stubs 



Icon description 



bioengine 

bionode-object 

velocity: 

rate -constant-sec is 1.0: 
tau-coelT is given by a tau-coeff-par: 
bias is given by a bias-par: 
u me- lag is given by a time-delay-par: 
ph is given by a -®ph-pan 
ph-deviation-f actor is given by a ph- factor-par: 
temperature is given by a temperature-par: 
tcmp-deviation-facior is given by a temp- 
factor-par: 

toeele-statc lias values show or hide (default 

IsHIDE): 
type -color 
none 

unless in administrator, developer, or 
modeler mode: menu choices exclude 
additionally: move. name, clone, chance- 
size, color.' delete, disable, enable, crcate- 
subworkspace. describe, 
go-to-subworkspace. crcatc-sw; 
when in modeler mode: menu choices 
exclude additionally: move. name, disable, 
enable. crcate-subworkspacc. describe, 
go-to-subworkspace: 
unless in administrator or developer mode: 
attributes visible for biocneine exclude 
additionally: toggle-state, type-color 
when in simulation or explorer, mode: 
attributes visible for bioengine exclude 
additionally: notes, label: 
not a final menu choice 
label is "\ with an index: 
description is 
velocity offset by (58. 5> 
a r-conhection port- 1 located at lop 25: 
a r-connection pon-2 located at top 50: 
a r-conncciion pon-3 located at top 75: 
a p-connccuon pi located at bottom 25: 
a {^connection p2 located at bottom 50: 
a p-conneciion p3 located at bottom 75: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Fs located at left 31 : 
a c-graph-link up lixraied at right 1 1 : 
a c-graph-link dn located at right 31 
bioengine-pattern (width 8ft: height 42: 
dark-color = dim-gray, light-color = light- 
gray, white-color = white, type-coioi - 
forest-crecn 



Class name 
Superior class 
Attributes specific to class 
Menu option 



binding-biocngtne 
bioengine 

velocity is given by a bindinc-rate-pvar 
not a final menu choice 



Class name 
Superior class 
Attributes specific 10 class 
Menu option 


amplificr-bioengine 

bioengine 

none 

not a final menu choice 


Class name 


lumped-biocnginc 


Superior class 


bioengine 


Attributes specific to class 


none 


//# 
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Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



TABLE 57 



reccptor-bioenginc 
hinding-bioenginc 
none 

not a final menu choice 
reeeplor-bioengine-pattern 



Class name bioengine.rl.il 
Superior class rcccptor-bioengine 
Attributes specific to class none 

Stubs a re-connection pon- 1 located at top 25 : 

a l-connection 1 1 located at top 50: 
a p-connection pi located at bottom 50; 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 3 1 : 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 



Class name enzymc-bioengine 

Superior class am^lifier-btoengine 

Attributes specific to class velocity is given by a caialytic-raie-pvar 

Icon description enzyme-biocngine-paiiern 



Class name bioenginc.e 1 .s2 

Superior class enzymc-bioenginc 
Attributes specific to class none 

Stubs an e-conneciion pon-1 located at top 25: 

a s -connection si located at top 50: 
N a s-eonncciion s2 located at top 75: 

a p-connection pi located at bottom 25; 
a p-connection p2 ItKated at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link fs located at let! 31: 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 

Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



complex-dissoc-biocngine 
lumped-hioenginc 

velocity is given by a dissociation-rate-pvar 
a co-connection c I located at top 25: 
a p-connection pi located at bottom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 31: 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 
complcx-dissoc-bioengine-pattern 

transiocation-biocngine 
lumped-biocngine " 

velocity is given by a tranloeation-ratc-pvar 
a t-conheeiion tl located at top 25: 
a p-connection p2 located at bottom 25: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 31: 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 
transloeaiion-hiocngine-paiiern 
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TABLE 58 



Class name cell-bioengine 
Superior class bioengine 

Attributes specific to class velocity is given by an activaiion-ratc-pvar 
Stubs a cell-conncciion cc located ai top 25: 

a 1-connection 11 kKated at top 50: 
a 1-connection 12 located at top 75: 
a p-connection pi kKated at bottom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located at bottom 75: . 
a graph-link gr located at left 1 1 : 
a graph-link Is located at left 3 1 : 
a graph-link up located at right 1 1 : 
a graph-link dn located at right 3 1 
Icon description ceil-bioengine-pattern 



Class name biocngine.ee 1.14 

Superior class cell-biocngine 
Attributes specific to class none 

Stubs a cell-connection ce 1 kKated at top 25: 

a 1-connection 1 1 kKated at top 50; 
a l-conncction 12 located at top 75: 
a 1-connection 1 3 kKated at top 100: 
a l-conncction 14 kKated at top 125: 
a p-connection pi kKated at bottom 25: 
a p-conncction p2 kKated at bottom 50: 
a p-conncction p3 kKated at bottom 75. 
a p-conncciion p4 located at bottom 100: 
a p-conncction p5 kKated at bottom 1 25; 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is kKated at left 3 1 : 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn kKated at right 3 1 

Icon description bioencine.ee 1 ,14-pattcrn 



Class name biocnginc.ee3.12 
Superior class eell-biiKnginc 
Attributes sped lie to class none 

Stubs a cell-connection ce 1 located at top 25: 

a cell-connection cc2 located at top 50: 
a cell-connection ce3 kKated at top 75: 
a 1-connection 1 1 located at top 100: 
a 1 -connection 12 located at top 125: 
a p-conncction pi located at bottom 25: 
a p-connection p2 kKated at bottom 50: 
a p-conncction p3 kKated at bottom 75: 
a p-conncction p* kKated at bottom 100; 
a p-conncction p5 kKated at bonom 125: 
a c-graph-link gr kKated at left 1 1 : 
a c-graph-link \s kKated at left 31 : 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn kKated at right 3 1 

Icon description biocncinc.ee 1 .14-pattcrn 
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TABLE 59 



Class name 
Superior class 
Attributes specific 10 class 
Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 



biorolc-objcct 
bio-object 

stoiehiomctric-eoeff is 1.0 
none 

unless in administrator, or developer 
mode: menu choices lor biorole- 
object exclude additionally: move, 
chance-size, describe, crcate- 
subworkspace. go-to-subworkspace. 
rotate-reflcct. clone, name: 

when in simulation, navigation, or general 
nuxlc: menu choices for biorole- 
object exclude additionally: transfer, 
move, name, clone, change-size, color, 
ercate-subworkspacc. delete, disable, 
describe, go-to-subworkspace: 
attributes visible for biorolc-objcct exclude 
additionally: notes, label: 

when in simulation mode: 
menu choices lor biorole-object exclude 
additionally: details, navig-panel: 

when in navigation or generarmode: 
menu choices for biorolc-objcct exclude 
additionally: input-panel: 

a final menu choice 

label is M, \ with an index: 





description is ,,M 


Attribute displays 


inherited 


Stubs 


none 


Icon description 


biorole-objcct-paiicrn (width 100: height 40: 




dark-color = dim-gray, light-color = licht- 




gray, type-color = w sky-blue. white-color 




= whiter 


TABLE 60 


Class name 


bioproduci 


Superior class 


biorole-object 


Attributes specific to class production-rate is given by a prtxluc-rate- 


pvar: 






scaling-prccursors is an instance of a 




symbol-array, with an index 


Menu option 


a final menu choice 


Attribute displays 


label offset by (-55. -22): 


production-rate offset by (-42. 1 ) 


Stubs 


a p-connection Unrated at top 30 


Icon description 


bioproduct-pattern 


Class name 


cell.biopnxiuct 


Superior class 


bioproduci 


Attributes specific to class none 


Icon description 


hioproduet-paitern 


a cell.bioproducx 


Names 


none 


Label 


"cell.biopnxiuct " 


Description 




Stoichiometric eocff 


1.0 


Production rate 


y.ve-w 


Scaling precursors 


a c-symbol-array 


/o2/ 
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TABLE 61 



Class name 

Superior class 

Attributes specific to class 



Capabilities and jostrtc 

-QttSS liljULUiuiUi 

Menu option 
Inherited attributes 



bioreactant 
biorole-object 
description is "": 

alpha-coeff is given by an alpha-cocff-par: 
contribution isgiven by a eontribuiion-pvar: 
consumption-rate is given by a consum-rate-pvar 

•IUHIO - ^ 



Attribute displays 



Icon description 



—rone 

not a final menu choice 
stoiehiometric-cocf f is I : 
label is "\ with an index 
label offset by (-62, 35): 
contribution offset by <-42 
consumption-rate offset by < 

.~OOR6- 

"inherited 



14): 
42. 0) 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



ccll.bioreactant 

bioreactant 

none 

a cell-connection liKaicd at bottom 30 
ccll.bioreaciani-pauem 



TABLE 62 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 
Stubs 

Icon description 



amplifier-biorcactam 
bioreactant 

effective-binding-sites is 1 .0 

not a final menu choice 

inherited 

inherited 

inherited 



Class name 
Superior class 
Attributes specific to class 

Stubs 

Icon description 



enzyme.r 

amplifier-biorcactam 

catalyiic-raie-constant is 1 .0: 

scaled-cat-rate.k is 1.0: 

an e-conncction located at bottom 30 

bioreactani-patiern » width I(X): height 40: 
dark-color = dim-gray, light-color = light- 
gray, type-color = red. white-color = white) 



Class name 
Superior class 
Attributes specific to class 
Stubs 

icon description 



prot.kina.scr 
enzyme.r 
none 
inherited 

biorcactani-pattcm < width 100: height 40: 

dark-color = dim-gray, light-color = light- 
gray, type-color = coral, white-color = white) 



a prot.kinasc.r 

Names 
Label 

Description 
Stoichiometric coeff 
Alpha coeff 
Contri button 
Consumption rate 
Effective binding sites 
catalyiic-raie-constant 
scaled-cat-rate.k 



none 

prot. kinase" 

1.0 
1.0 

9.9e-99 

9.9c-99 

1.0 

1.0 

1.0 
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TABLE 63 



Class name 
Superior class 
Attributes specific to class 
Menu option 



sourcc-bioreactani 

biorcactant 

none 

not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



substrate. r 

source-bioreactant 

michaelis-constant is 9.9e-99 

a s-connection si located at bottom 30 

substrate.r-patiem 



Class name 
Superior class 
Attributes specific to class 
Icon description 



leading-biorcactant 
biorcactant 

elTcctive-binding-sites is I 
leadine-bioreaetant-pauern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



cell-receptor.r 

leading-biorcactant 

none 

a rc-conncction r located at bottom 
cell-rcceptor.r-pattern 



Class name 
Superior class 
Attributes specific to class 

Menu option 



binding-biorcactant 
biorcactant 

equilibrium-dissociation-constant is 9.9e-99 
scaled-equiLdissoc.k is 1 .0 
not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



ligand.r 

binding-bioreactani 
none 

a 1-connection 11 located at bottom 30 
ligand.r- pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



white) 



extracelMigand.r 
binding-bioreactant 
none 

a l-conneciion II located at bottom 30 
biorcactant-pattem (width 100: height 40: 
dark-color = dim-gray, light-color = light- 
gray, type-color = pale-green, white-color = 



an extraccll-licand.r 



Names 
Label 

Description 

Stoichiometric coeiT 

Alpha coclT 

Contribution 

Consumption rate 

Equilibrium dissociation constant 

Scaled cquil.dissoc.k 



none 

"extraccll-ligand" 
(*•• 

1.0 
1.0 

9.9e-99 
9.9e-99 
9.9e-99 
1.0 



l%2> 
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TABLE 64 



Class name 
Superior class 
Attributes specific to class 
Menu option 



single-bioreacuun 

bioreactant 

none 

not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



translocatetl.r 

single-bioreactan 

none 

a t-eoiinection located at bottom 30 
translocated.r-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



complex. r 

single-bioreactant 

none 

a co-connection u 1 located at bottom 30 
iranslocaied.r-pauem 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



inliibitor.bioreactam 
bioreactam 

inhibition-constant is 9.9e-V9: 

scaied-mhibiior.k is 1.0 

an i-connection il located at bottom 30 

inhibitor.bioreaeiant-pattent 



Class name 
Superior class 
Attributes specific to class 
Icon description 



comrMnhibitorr 

irUiibitor.bioreactani 

none 

comp-inhibitor.r-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



antagonists 

iiihibitor.btoreaciant 

none 

an ail-connection an I located at bottom 30 
antagonist. r-pattern 



TABLE 65 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Inherited attributes 
Stubs 

Icon description 



biorole-post 
biopost 

rei -bioreservoir is none 

unless in administrator or developer mode: 

menu choices exclude additionally: move, clone, delete. 

rotate-rellecL color, describe, create-subworkspace: 
when in modeler mode: 

menu choices include additionally: delete: 

menu choices exclude additionally: show-br: 
when in navigation or simulation mode: 

selecting any biopost implies show-br: 
when in explorer mode: 

selecting any biopost implies acmate-br 
toggle-state has values show or hide (default is HIDE) 
a icon-wire located at right 7 wiUi style diagonal 
biorole-post-paticrn (width 8: height 16) 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



bioreactant-post 

biorule-post 

none 

a icon-wire located at right 7 
bioreaeiani-post-paticnn width 8: height 16) 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



bioproduct-post 
biorote-post 
none 

a icon-wire located at left 7 
bioproduct-post-paiicnn width 8: height I6> 
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TABLE $ fcfc 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Inherited attributes 



Attribute displavs 
Stubs 

Icon description 



biomodel 
bio view-object 
none 

unless in administrator, uil-huild. or 
developer mode: 

menu choices for biomodel exclude 

additionally: change-size: 

attributes visible for biomodel exclude 

additionally: toggle-state: 
when in simulation, navigation, or explorer 

mode: selecting any biomodel implies 

details 
not a final menu choice 
references is ,Mf : 
warnings is "": 

tocele-state has values show or hide (default 

is HIDE): 
label is "". with an index: 
description is " M 
inherited 
inherited 

biomodel -pattern (width MX): height MX): 
dark-color = dim-gray, light-color = light- 
grav. white-color = white) 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Inherited attributes 



Attribute displavs 
Stubs 

Icon description 



sub-model 

biomodel 

none 

a final menu choice 
references is"": 
warnings is "*': 

toggle-state has values show or hide (default 

is HIDE), with an index: 
label is "\ with an index: 
description is Mw 
label offset by (-73. 15) 
inherited 

sub-modcl-paticrn (width 160: height 60: 
dark-color = dim-gray, light-color = light- 
gray, white-color = white, status-color^ 
medium-aquamarine. Hag-color = medium - 
aquamarine: 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



biorcservoir-bin 

biomodel 

none 

a final menu choice 

biorcservoir-bin-pattern (width MX): height 
60: dark-color = dim-gray. lighi-color*= 
light -gray, white-color = white, type-color 
= gray, status-color = cadet-blue: 



Class name 
Superior class 
Attributes specific to class 
Capabilities and restrictions 
Menu option 
Icon description 



on-hold-bin 
biomodel 
none 

activatablc-subworkspace 
a final menu choice 

on-hold-bin-pattern (width 50: height 60: 
dark-color = dim-gray, light-color = light- 
gray, white-color « white. status-color"= 
crccn-vcllow: 
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Class name cell-comp artmeni 

Superior class bionxKiel 

Altribuies specific lo class surfacc-or-volume is given by a compartment- volume-par 
Icon description cell -comparmwul -pattern t widlh 90; height 90: 

Jark -color, light-color, while-color » 



Class name cell- surface 

Superior class cell-compartmem 

Attributes specific 10 class internal- markers is "" 

Capabilities and restrictions none 

Menu option a final menu choice 

Icon description cell-surf uce-patiem ( width 1 30: height 200: 

status- co lor. flag -co lor: 



Class name nucleus 
Superior class eell-conipanmeni 
Attributes specific to class none 
Menu option a final menu clK>ice 

Icon description nucleus-pattern t width 90: height 90: 

status-color, lias-color) 



Class name cell-nvmbrane 
Superior class ccli-eonipanmeni 
Altribuies specific to class none 
Menu option a final menu choice 

Icon description cell -membrane- pal tern i width 90. height 90: 

status-color . lias-color ) 



Class nanw mcmbraiuj-eompanmcni 
Superior class ccll-nwmbrane 
Altribuies specific to class none 
Menu option a final menu choice 

Icon description n>embrane-compartmem- pat tern < width 90. height 90. 

status-color. flag-color ) 



TABLE 6K 



Class name 
Superior class 
Attributes specific lo class 
Menu option 
Inherited attributes 



top-container 
bio model 

volunw is given by a compart mcnt-vo I ume-pai 
not a final menu choice 
references is ""*: 
warnings is "": 

toggle-state has values show or hide (defauli is HU)E> 
label is "". with an index: 
description is 



Class nanw 
Superior class 
Attributes specific to class 



Aitribuie displays 
Icon description 



ccli-biomodcl 
top-container 

max-volume is given by a cell- volume-par: 
volume is given by a cell-volumc-par: 
cell-radius is given by a eel I -radius-par: 
species is " *: * 
organ-or- system is 
tissue is "": 
cell- lineage ; 
pheixMype is "": 

cetl-cycle-duration is given by a cyelc-iimc-pvar: 
reg- 1 actors is "" : 
expr-receptors is " M : 
seer- facers is "": 

total-protein is given by a toial-protein-par 

general ton- number is given by a general ton- number-par. 

number-of-cells is given by a celf-number-par: 

mass-ner-cell is given by a eel I- mass-par 

cell-phase is GO* 

label offset by (-55. -52) 

eell-biomodel-patiem (width I<Wj: height KM): dark -co 10; 
lichi -color, white-color, ivpc -color. staiu*-colon 



WO 96/22575 



PCT/US96/00883 



TABLE 69 



Class name 
Superior class 
Attributes specific to class 



Capabilities and restrictions 

Menu option 

Stubs 

Icon description 



lime-companmem 
biomodel 

nex t-act i vat ion- bliKk: 
deaciivaiion-block: 

aciivatuMi-hold-inicnal is given by a timc-delay-par. 
deactivation-time is ""; 

deaoivaiion-hold-inicrval is given by a time-delay-par; 
status has values activated or deactivated (default is 

DEACTIVATED) 
activatable subworkspacc 
not a final menu choice 
:m output cycle-path next- 1 located at right 40; 
an input cycle-path previous- 1 located at Icll 40 
time-companment-patteni (width 80; height 80; 

dark-color, lisht-color. white-color) 



Class name time-submodel 
Superior class time-compartment 
Attributes specific to class none 

Stubs an output cycle-path next- 1 located at bottom 80: 

an input cycle-path previous located at top 80 
Icon description time-suhmtHlel-pattcrn < width 160; height 60; 

status-color, tlae-colon 



Class name cell-phase 

Superior class ume-companment 

Attributes specific to class typical-traction; 

generation-number is given by a generauon-number-par. 
numbcr-of-cells is given by a cell-number-par: 
mass-per-cell is given by a cell-mass-par 

Menu option not a final menu choice 

Icon description ccll-phase-pattcrn (width 80; height 80) 



Class name gO-phase 
Superior class cell-phuse 
Attributes specific to class none 

Stubs an output cycle-path g I Knitted at bottom 20: 

an input cycle-path m located at right 60; 
an input cycle-path di located at left 40 

Icon description gO-phase-paticm t width 1 60; height 80; 

status-color, type-color, llag-colon 



TABLE yf&b 



Class name timer 
Superior class biotool 

Attributes specific to class toggle-state has values show or hide (default is HIDE): 

activation-time is given by an elapscd-simul-time-par 
Class restrictions unless in administrator or uil-build mode: 

menu choices for timer exclude additionally: move. name, 
change-size, color, describe, go-to-subworkspacc: 
when in modeler, simulation, navigation, or explorer mode: 
menu choices lor timer include: create-sw. show - sw. hide-sw 
Icon description timer-pattern (widdi 30: height 30K dark-color, light-color. 



Class mime count-down-iuner 
Superior class timer 

Attributes specific in class count-down is given by a timer-count-down-par 



Class n;uue count-up-timer 
Superior class timer 

Attributes specific to class count-up is given by a timer-count-up-par 
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Class name biomodel-post 

Superior class biopost 

Attributes specific to class ref-biomodel is "inlerrcd" 

Class restrictions when in navigation or simulation mode: selecting any biomodel-post implies shovv-bm 

Icon description bmmixlel-posi-paueni < width 25: height 35 > 



Class name output-hm-posi 
Superior class biomodel-post 
Attributes specific to class none 

an user-menu-choice 

Label show-hm 
Applicable class biomodel-post 
Condition none 

Action start SHOW-BM-PROC (the item. this window* 



SHOYY-BM-PROC (post: class biomodel-post . win: class window* 
BM = the hiomodel named by the ref-biomodel of post: 
case die toggle -state ol post is 
sliow: 

chance the color-pattern ol post so Utat light-color is dim-gray, dark-color is light-gray ; 
show the WS ol" BM on w in at tlie center ol die screen: conclude that the toggle-state of post is hide: 
chance die color-pattern ol post so that lamp = the symbol maroon: 
hide: 

chanee the color-pattern ol post so dun light-color is light-gray, dark-color ts dim-gray : 
hide the WS of BM on win: conclude dial the toggle-state of post is show: 
cnange die color-pattern of poM so that lamp = the symbol green: 
return 



TABLE 7| 



Class name cell-interaction 
Superior class hiomodel 
Attributes specific to clay* none 
Inherited attfibutes references is "\ 

warnings is **": 

toggle-state has values show or hide (default is HIDE): 
label is "\ with an index: 
description is M " 

Icon description ccll-interaciion-paucnu width 140: height 100. dark-color, light-color. 

white-color, type-color- 1 . type-color-2. status-color- 1 . status-color- 2 1 



Class lutmc 
Superior class 
Atuibutes specific to class 
Class restrictions 



Attribute displays 
Stubs 



Icon description 



interacting -cell 
hiomodel 

master-cell- hiomodel is none 

unless in administrator or developer nuxie . 
menu choices exclude additionally: dcuuls. move. name, disable, describe: 
attributes visible exclude additionally: notes, toggle-suite, names. 

when in simulation, navigation, or explorer mode: 
selectins anv interacting-cell implies master-details 

label offset by ( -55. -52 >~ 

a c-link located at right 10: 

a c-link located at right 30: 

a c-link located at right 50: 

a c-link located at right 70: 

a c-link located at right 90: 

a c-link located at bottom 30: 

a c-link located at bottom 70: 

a c-link located at left 10: 

a c-link located at left 30: 

a c-link located at left 50. 

a c-link located at left 70: 

a c-link located at leflVO: 

a c-link Unrated at top 20: 

a c-link located at top HO 

inieracting-ecll-pauem t width 100: height 100: dark-color, light-color, 
white -color, type -color, status-colon 

/ Jl5* 
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TABLE 72a 



Class name 

Superior class 

Attributes specific 10 class 



Class restrictions 



Menu option 
Attribute displays 
Stubs 

Icon description 



Class name 
Superior class 
Attributes specific to class 
Icon description 

Class name 
Superior class 



extracellular-component 

biopost 

label is 

ref-bioentity is none: 
ref-hioreservoir is none: 
ref-bioproccss is none: 
description is 

unless in administrator or developer mode: menu choices exclude additionally: 

rotatc-rellect. disable, describe, create-subworkspace: 
when in modeler or general mode: 

menu choices exclude additionally: show-bp. show-br: 
when in simulation or navigation mode: 

menu choices exclude additionally: bp-activation, br-activation: 
when in simulation, navigation, or general mode: menu choices exclude 

addiiioitally:deiete. move. name, clone, change-size, color, unnamc-it. set-refs: 

attributes visible exclude addiiionally:names. rel-bioreservoir. rel-bioprocess. 
ref-bioentity 
not a final menu choice 
label offset by (-60.6) 
a link located at right 10: 
a link located at left 10 

extracellular-componcnt-paiiern (width 120: height 20: whiic-colnr s white) 

surface-component 
extracellular-component 
surfacc-cxprcssion-info is 

surfacc-component-pattem (width 120: height 20: white-color = white) 



secrcted-component 
exuaccl I u I ar-component 



Attributes specific to class secretion-info is "" 



Icon description 

Class name 
Superior class 
Attributes specific to class 
Icon description 



sccreicd-componem-patiern (width 120: height 20: white-color = white) 



systemic-component 
ex tr acel 1 u I ar-c< >mp« inc iu 
none 

sysiemic-componeni-pattem (width 120: height 20: white-colors white \ 



TABLE 72b 



an user-mcnu-choice 
Label sct-reis 
Applicable class extracellular-component 
Condition the item has a name 

Action start EXTRACELL-COMP-SET-REFS-PROC (the item, this window i 



EXTRACELL-COMP-SET-REFS-PROC (pirn: class extracellular- compoiiciH. \V: class window > 
PP » die biopwl-posi named by the name of post: 
BR = the biorescrvoir superior to the workspace of PP: 
RP = the biorole-post named by the name of post: 
BP = the bioprocess superior to die workspace of RP: 
conclude that the ref-bioreservoir of post = the name of BR: 
conclude that the rcf-bioprocess of post = the name of BP: . 

if the ref-bioentity of BR is not none then conclude that the rcf-hioentiiy of post = the ref-biocntiiy of BR: 
make post permanent: 
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an user-menu-choice 
Label show-bp 
Applicable class extracellular-component 

Condiuon die iiem has a name and die ref-bioprocess of the item is not none 

Action start EXTRACELL-COMP-SHOW-BP-PROC (die item. Uiis window) 

EXTRACELL-COMP-SHOW-BP-PROC (posi: class extracellular-component . W: class window) 
BP = die bioprocess named by die ref-bioproeess of post; 
view = die subworkspace of BP 
chance the size of view to minimum: 
show view on \V ](X) units above Uie center of die screen; 



TABLE 72d 



an user-menu-choice 
Label show-br 
Applicable class extracellular-component 
Condiuon die item has a name and die ref-bioreservoir of 

ilie item is not none 

Action start EXTRACELL-COMP-SHOW-BR-PROC (die item, diis window* 



EXTRACELL-COMP-SHOW-BR-PROC (post: class exiracellular-cornrxmem. W: class window) 
BR a tiie bioreservoir mimed by the ret -bioreservoir of post: 
view a die subworkspace of BP 
change die size of view to minimum, 
show view on W I(X) uniLs below the center of die screen; 



TABLE 72e 



an user-menu-choice 
Label bioeniity 
Applicable class extrace llular-componciit 
Condiuon the ref-bioentiiv of die iiem is not none 

Acuon stan EXTRACELL-COMP-B10ENT1TY-PROC (Uieitem. dm window) 



EXTRACELL-COMP-BIOENTITY-PROC (EC: class extracellular- component. W: class window) 
BET= the bioeiititv named by die ref-bioentiiy of EC : 
ESW = Ute subwtirkspace of BET: 
if die toggle-state of EC is hide then: 

conclude dial the io$?lc-suiic of EC is show: 

dunce die si/e of ESW to minimum: 

show ESW on W at die center of die screen, 
else if die tocsle-suite of EC is show then 

hide ESWmi W: 

conclude that die toggle-state of EC is hide: 



TABLE 721 



an user- menu -choice 
Label unnamc-ii 
Applicable class extracellular-component 
Condiuon the item has a name 

Acuon suiriEXTRACELL-COMP-REMOVE-NAME-PROC (die item, diis window) 



EXTRACELL-COMP-REMOVE-NAME-PROC (post: class biorole-posL W: class window) 
BP = the biopriKess superior to die workspace of post: 
if diere exists a biopool connected to post dien: 
BR = die bioreservoir superior to die workspace of die biopool connected to post: 
if there is a biopool-post named by the name of post then 
PP = the biopool-post named by the name of post: 
change the ref-bioprocess of PP to "none"; 
nuike PP permanent: 
chance die ref-bioreservoir of post to "none*": 
change die names of post to "none": 
make post pcrnuuient: 
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TABLE 73 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



organ 

hioiiHxiel 

none 

not a final menu choice 
organ-pattern* width 140: height 100: 
Type-color, siaius-color ) 



Class name 
Superior class 
Anrihutes specific to class 



Menu option 
Icon description 



lymph-node 
organ 

cell-number is given by a cell-number-par: 
Alymphocytosis given by a cell-number-par: 
Uymphocytes is given by a cell-numbcr-par: 
macrophages is given by" a ccll-number-par: 
b..cd4..cdS is n.n.n: 

tcrp.cd4p.cd8n is given by a phenotypc-par: 
tcrp.cd4n.cd8p is given by a phenotypc-par: 
other-phemxypes 
a final menu choice 
I y mph -n< Hle-pattcrn 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



organ-region 

htomodel 

none 

not a final menu choice 
organ-region-pauem 



Class name 
Superior class 
Attributes specific to class 
Icon description 



dilferentiation-paihway 

hiomodcl 

none 

dilicremiation-pathway-patienHwidth I(X): height 120: 
dark -color, lichl-color. white-color > 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Stubs 



Icon description 



cell 

hiomtxlcl 
in-tissucs is " n : 
label offset by (35. 30 1 
a c-link located at top 40: 
a c-link located at bottom 20: 
a c-link located at bottom 40: 
u c-link Unrated at bottom 60 
cell-pattern (width SO: height 80: 
dark-color, lieht-color lineasic-color) 



TABLE 74 
a tabular function ol 1 argument 



Table of values 
I Substrate 1 ] [ Product 1 1( [Substrate 1 1 ) 



0 


112 


?.I3 


757 


6.25 


1.305 


12.50 


1.932 


25.00 


3.045 


50.00 


3.356 


100.00 


3.47S 
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TABLE 76 



CHAINING RULES 

Opiions lor all whenever rules: nut invocahle via backward chaining. 

not invocahlc via forward chaining, 
may cause daia seeking, 
may cause forward chaining 



for any bioproeess BP 

for any bioproeess BP I lhai is an-upstream-bioprocess-of BP 
for any bioproeess BP2 thai is (Vhupstream-biopnwss-of BP 
whenever BP 1 ceases to be (m-upstream-bioprocess-of BP and when not (tlicrc exists a 
bioproeess BP3 such that (BP2 is <uhttpstream-bioprocess-ofBP?> and BP3 is 
att-upstream-hioprocesS'Of BP ) ) then 

conclude that BP2 is not a- n<nv\STREA\!-BiOPROCESS -of BP 



for any bioproeess BP 

lor any bioproeess BP I that is (m-uptireamArioprocess-oj BP 
whenever any bioproeess BP2 becomes an-upsueam-bioprocess-of BP1 and when BP2 is 
not athitpstream-bioprocess-ot BP then 

conclude that BP2 is AN -UPSTREAM- B!OPROCESS-oF BP 



for any bioproeess BP 

lor any bioproeess BPI that is (hilo\\imre(mhbioprovess-o\ f BP 
lor any bioproeess BP2 that is (iul(n\ mtream-bioprocess-ol BP 
whenever BPI ceases to be a-tiownsi reanhbioprocess-ot BP and when not (there 
exists a bioproeess BP3 such thai <BP2 is a~ilo\\ mtriHtHi-bioproci j ss-of BP? and BP? 
is a-ilounstrewihbioproces.s-ot BP)) (hen 

conclude that BP2 is mi A- nawssiRFAM -bioprocess-oF BP 



for any bioproeess BP 

for any hiopnnxss BPI that is auUnvnstreaHhbioproci'ss-oJ BP 
whenever any bioproeess BP2 becomes aulo\\vsireanhbioprocess-oj'BP\ and 
when BP2 is not a-ilinxitstreani-hioproc i'ss-of BP then 

conclude that BP2 is A- D(nvxSTRL\M-BloPROCESS-oF BP 



TABLE 77 



INKKRKNCK BLOCK RULfcS 

lor any cvent-dcaciivauon-bhKrk B thai is an attribute of any time -compartment CC 
lor any time-compartment NC connected at the next- 1 of CC 
whenever die status S of NC receives a value and when S is activated then 

deactivate the subworkspace of CC and conclude that the status of CC is deactivated 



whenever the time-interval I of any time-activaiion-block B receives a value and when the 
beta-coeff of B * I >=s the time-threshold of B then 
conclude that the outcome of B is above-threshold 



whenever the time-interval I of any timc-dcactivation-block B receives a value and when die 
beta-coeff of B * I >= the time-threshold of B then 
conclude that the outcome of B is above-threshold 



whenever the checkpoint C of any chcckpoint-io-l1t>or-hli\:k B receives a value and when die 
bcta-coclTof B * C <= the threshold of B then 
conclude that the outcome of B is bclow-thrcshold 



whenever die checkpoint C of any checkpoint-to-cciling-Mock B receives a value and when the 
beta-coeff of B * C >= the threshold of B then 
conclude that the outcome of B is above-threshold 



/33 



WO 96/22575 PCT/US96/00883 



TABLE 78 

CKLLCYCI-URULHS 



for an v gO- phase P 

whenever the outcome O of the nexi-aciivaiion-bU>ck of P receives a value and when u is not 
within-direshold then 

activate the subworkspace of the g 1 -phase G connected at the g 1 ol P and conclude that the 
stilus of G is activated 

for anv el -phase P 

whenever outcome O of the differentiaiion-activation-hlock ot P receives a value and 

when die status of the s*-phase connected at die s of P is deactivated and O is not within- 
ihreshold then 

activate the subworkspace of the differ-stace N connected at the di ot P and conclude Uiat the 
status of N is activated 

for any c I -phase P , . . . 

whenever the outcome ( ) of the nexi-activation-bkH:k of P receives a value and when the status 
of the diffcr-stagc connected at the di of P is deactivated and <) is not within-threshold then 

activate the subworkspace of the s-phase N connected at the s of P and conclude that the 
status of N is activated 



for anv s-phase P 

whenever the outcome O of die ncxt-aciivauon-block of P receives a value and when O is not 
within-threshold then 

activate the subworkspace of die c2-phase G connected at (lie g2 ot P and conclude dial the 
status of G is activated 

for anv t*2-pliasc P 

whenever die outcome O of die apoptosin-activaiion-hlock ol P receives a value and when 

the status of the m-phase connected at the m of P is deactivated and () is not within- 
ihrcshold then 

activate the subworkspace of the apopiosis N connected at the ap ot P and conclude that UK 
status i>f N is activated 

l or anv g2-phase P t L 

whenever the outcome <) of die next-aeuvation-biock of P receives a value and when the status 
of the apopiosis connected at die ap of P is deactivated and C) is noi within-threshold then 

activate die subworkspace of the M-pliase N connected at die m ol" P and conclude that the 
status of N is activated 

for ;ui\ M-phase P 

w henever the outcome () of die next-aciivaiion-block of P receives a value and when () is not 
within-threshold then 

conclude diat die generation-number N of die gO-phase G coiuiectcd at the gO ol P = > ♦ i 
;ind conclude dial die number-of-cells C of G = 2 * C and conclude that the mass-pcr-cel! ol G 
= the mass-ner-cell of P / 2 ;md deactivate the subworkspace of P and conclude that the status 
of P is deactivated 

for anv M-phase P 

whenever die outcome O of the cl-acuvation-block ol P receives a value and when O is not 
within-threshold then 

conclude dial die veneration-number N of die gO-phase G connected at die gO ot P = N + 1 :uid 
conclude that tiic number-of-cells C of G = 2 * C and conclude diat die mass-per-cell of G = 
die mass-per-cell of P / 2 and activate die subworkspace of die g I -phase G connected at die gl 
ol P ;tnd conclude that die suuus of G is activated and deactivate the subworkspace ot P and 
conclude that the status of P is deactivated 

for anv differ-stace P i u /\- « . 

whenever the outcome () of the next-activation-bli>ck of P receives a value and when O is not 

within-threshold then 4. f w„.,h, 
activate the subworkspace of the gO-phase GO connected at the ne ol P and conclude that the 
status of GO is activated and activate the subworkspace of die g I -pliasc Gl connected at the ng 
of P and conclude dial the status of Gl is activated 



'3f 



WO 9d/22575 PCT/US96/00883 

TABLE 79 



ICONCOU >R RULES 

for any bioview-obieci ( ) 

whenever ihe toggle-staie T of t ) receives a value and when T is hide then 

chance ihe color-pattern of (> so dial light-color is light-gray, dark-color is dim-gray, 
white-color is while 



lor any bioproeess P 

for any biocnginc E 
whenever ihe type-color ol E receives a value then . 

change ihe color-pattern of P so thai type-color = ihe type-color of E 

for any bioproccss BP 

whenever BP is moved by the user and when the subworkspace SW of BP exists and there 
exists a bioongine E upon SW and noi ithe type-color of BP = the type-color of E) then 
conclude that the type-color of BP = the type-color of E 



lor any bionode-obieet O 

whenever the toggle-state T of ( > receives a value and when T is hide then 
chance the color-pattern oi O so ihat lighi-color is light-gray, dark-color is dim-gray, 
white-color is while 



for any complex -hiocntiiy < ) 

whenever ihe toggle-staie T of < ) receives a value and when T is show then 
chance the eolor-pauern of () so that light-color is dim-gray, dark-color is light-gray, 
white-color is black 

lor any bioeuuiy- notes N 

whenever ihe toggle-state T of N receives a value and when T is hide then 
change the color-pattern of N so that light-color is light-gray, dark-color is dim-gray, 
while-color is white 



lor any htocntuy-noies N 

whenever the toggle-state T of N receives a value and when T is show then 
change the color-pattern of N so that light-color is dim-gray, dark-color is light-gray, 
white-color is black 

lor the subworkspace SW of any bioreservoir-bin BRB 

for any bioreservoir BR upon SW 
whenever BR is moved by the user and when not (there exists a bioreservoir upon SW) then 

change the type-color of BRB to gray 

for the subworkspace SW of any bioreservoir-bin BRB 
for any bioreservoir BR upon SW 

whenever BR is moved by the user and when there exists a bioreservoir upon SW then 
chance the type-color icon-color of BRB to purple 

for any expenmeiu-scleetion ES 

whenever ES is moved by die user and when the currently-selected of ES is false then 
chance the type-color icon-color of ES to coldcnrod 

for any cxpenment-selectton ES 

whenever ES is moved by the user and when the currently-selected ol ES is true then 
chance die type -col or icon-color of ES to gold 



TABLE 80 
Labeling Rules 

for any Noentity BET 

whenever BET is moved by the user and when BET has a name then 
conclude thai the masicr-hiocmity of BET as die name of BET 

for any bioentuy BET 

for any hio-obicet-iitle T upon the subworkspace of BET 
whenever BET is moved by ihe user then 
conclude that the label of T = "|thc label of BET|" 

for any hiocnuty-noics FN upon the SW of any bioentuy BET 
whenever FN is moved by the user then 
conclude that the label ol the bio-obicci-tulc upon the subworkspace of FN = die label ot BET 

_ 
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TABLE 81 



Icon movhmknt rules 

lor any biopool P connected to any graph-tracer 

whenever P is mined bv the user then 
move the scaled-br-graph-traccr connected to P to (left-edge(P) - S. middlc-y(P) + I h and 
move the absolute-br-graph-iraccr connected to P to (lefi-cdgc(P) - 8, middle- y<P) - 10) and 
move the br-chaininig-traccr connected to P to tright-edge(P) + 6. middle-y(P) + I h and 
move the query-tracer connected to P to <right-edgc<P) - 6. middle-y(P) - 10) and 
change the core stripe-color of even' graph-link connected to P to transparent 



for any bioeneine E connected to any graph-tracer 

whenever E is moved bv the user then 
move the scaled-bp-graph-tracer connected to E to <lefi-edge<E) - 8. middle- y(E) + 11 ) and 
move the bp-chaininlg-tracer connected to E to (lcft-edge(E) - 8. middlc-y(E) - 10) and 
move the up-path-tracer connected to E to <right-cdge<E) + 8. middle-y(E) + 1 h and 
move the down-path-tracer connected to E to"(right-edge(E) + S. middle-ytE) - 10) and 
change the core stripe-color of even graph-link connected to E to transparent 

lor any biopnxluci P connected to any biopnxluct-posc PP 
whenever P is moved by the user then 
move PP to (right-edge(P) + 4. middle-y(P>> 

change the core stripe-color of the icon-wire connected to R to transparent and 
change the core stripe-color of die icon-wire connected to Pto transparent 

lor any bioreaciant R connected to any biorcactani-posi RP 
whenever R is moved by the user then 

move RP to < lcli-cdge(R) - 3. middle-y(R» and 

chance the core stripe-color of the icon-wire connected to R to traasparent 



TABLE 82 



the VELOCITY of any B10ENGINE.El.Sl.il E = the first of the following expressions that 
has a value (the effective-binding-sites of the enzyme.r Z connected at the port- 1 of E * the 
catalytic-rate -constant of Z * (the concentration of the soluble-mol-pool connected to Z * the 
concentration SQ of the soluble-mol-pool connected to the suhstrate.r S connected at the si of E 

/ 

(if not (there exists an inhibitor.biorcaciani connected at the 1 1 of E) 

then SQ + the michaclis-constant of S else 
(if there exists a comp-inhibitor.r CI connected at the i I of E then SQ + 

the michaclis-constant of S * ( 1 + the concentration of the sol-mol-pool conncceted to I / the 
Inhibition-constant of I / die inhibition-constant of CI > else 
( if there exists a noncomp-inhihitor.r Nl connccicd at the i 1 of E then 

SQ * ( 1 + the concentration of the sol-mol-pool conneceted to I / the inhibition-constant of I / 
the inhibition-constant of Nl + the michaclis-constant oi S > * ( 1 + the concentration * >i the sol- 
mol-pix*l conncceted to I / die Inhibition-constant of I / the Inhibition-constant of Nb else 
(il there exists an uncomp-inhibitor.r Ul connected at the i I of E then 

SQ * ( 1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I / 
the inhibition-constant of Ul + the michaclis-constant of S ) else 
( if there exists a mixcd-inhibitor.r MI connected at the i I of E then 

SQ * ( 1 + the concentration of die sol-mol-pool conncceted to I / the Inhibition-constant of I / 
the inhibition-constant of MI + the michaclis-constant 

of S I * ( I + the concentration of the sol-mol-pool conneceted to I / die Inhibition-constant oi 1 
/ the inhibition-constant of MI )))))». 0.0) 
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TABLE 83 



GENERIC-SIMULATION-FORMULAS lor Scaled-Valued Variables 
die SCALED -AMOUNT C of any BIOPOOL PO = ( max < 9Ate-9. Hie accumulation of PO)) 



suae variable : d / dt (die accumui.ation C of any biopool PO) = die input-rate of PO - 
die output-rate of PO + die scaled-entry of PO - die deca\ -rate-factor of die bioreservoir superior 
to the workspace of PO * the scaled-amount of Pi ). with initial value die scalcd-basal-amount of 
die bioreserv oir superior to he workspace of PO 



die INPUT- RATE of iuiy bk ipool PO a die first of die following expressions dial has a value 
< (max < 0.0. the sum over each bioproduci P connected to PO of ( die production-rate of P ) + 
die first of die following expressions dial has a value (die output- 1 of die model-block M upon 
die suhworkspace of die scaled-input-model-box connected to PO. 0.0 ))) , 9.9e-9i 



die OCTIVT-RATE of any BIOPOOL PO = die first of the following expressions dial has a v;due 
< max <0.0. die sum over each biorcactant R connected to PO of (die consumption-rate of R > + 
die first of the following expressions diat has a value (the output-! of die model-block M upon 
the suhworkspace of die ouiput-model-box connected to PO. 0.0 )) . 9.9e-9) 



die consumption- RATE of any bioreactant R s die fir^t of die following expressions dun 

lias a value ( max (0.0. the velocity of the bioengine connected to R / the stoichiometric-coefl of R ). 

V.Ve-V. 



dW CONSUMPTlON-RAIlUif any AMPLIFIER -BK 1REACTANT R =0.0 



die product ION- RATE of any BIOPRODUCT P s die first of die following expressions dial has a value 
tmax ( 0.0. die velocity of die bioengine connected to P * die stoichiomctric-coeff of P >. 9.9e-9) 



die velocity of iuiy BIOENGINE E & die first of die following expressions dial lias a v;due ( max 
< 0.0. die product over each biorcactant R connected to E of (die alpha-coeff of R * die contribution 
of Ri * the ratc-consiam-scc of E * the tau-coeff of E + die bias of E ). V.9e-9 ) 



TABLE 84 



GENERIC-SIMULATION-FORMULAS FOR THE CONTRIBUTION 
Based on Scaled-Valued Variables and Parameters 

die CONTRIBUTION of any AMPLIFUiR - BIOREACTANT R a die first of die following expressions dial 
Was a value < min ( 1 .0. max (0.0. die effccUvc-hiiHitng-Mics of R * die scaled-:unount of die btopool 
connected to R I). 0.5 ) 



die CONTRIBUTION of any SUBSTRATE.R R = die first of die following expressions dial has a value 
( min < 1 .0. max (0.0. die kcalcd-amount Q of die hiopool PO connected lo R / ( die .vcaled-nitchaeli.vk 
of R + Q M) . 0.5) 



die CONTRIBUTION of any INHIBH'or.BIOREaCTanT R = die first of die following expressions tiiat 
hits a value ( min ( 1 .0. max (0.0. die scaled-amount Q of die biopool PO connected to R / 
( die scalcd-inhihition.k of R + Q ))) . 0.5 ) 



die CONTRIBUTION of any LEADING- BIOREACTANT R m die first of die following expressions diat has 
a value t min ( 1 .0. max (6.0. die effeclive-huuliug-siies of R * die scaled-amount of ihe hiopool 
connected to R M A die sioicliiomeiric-coeff of R. 0.5 ) 

die CONTRIBUTION of any BINDING- BIOREACTANT R a the first of die following expressions Uiat has 
a value ( min ( 1 .0. max (6.0. die scaled-amount Q of die hiopool PO connected to R / ( the scaled - 
cquiLdissoc.k of R + Q ))) A die stoichtomeiric-coeff of R . 0.5 ) 



die CONTRIBUTION of any ION.R R = die first of tlic following expressions dial has a value 
< min < 1.0. max (0.0. dic'scaled-amount Q of die hiopool PO connected to R / ( die 
scaled-equilihrium.k of R ♦ Q ))) . 0.5 ) 

die CONTRIBUTION of any SINGLE- bioreactant R = die first of die following expression* 
dial has a value ( min (1.6. max tO.O. the scaled-amount of die biopool connected to R n. 0.5 ; 
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TABLE 85 



GENERIC SIMULATION FORMULAS FOK ABSOLUTE- VALUED VARIABLES 

ihc CONCENTRATION of any SOLUBLE-MOL-POOL PO = (max (0.0. 
the accumulation of PO)) 



ihc DENSITY of any COMPLEXED-MOL-POOL PO = (max lO.O. die 
.accumulation of PO)) 



state variable : d / ill (the ACCUMULATION of any SOL-MOL-POOL PO) 
= ihc input-rate of PO - ihc outpui-raic of PO + ihc conccntraiion-entry ot 
PO - ihc dccav-raic-l'acior of ihc sol-mol-rcscrvoir superior to die workspace 
of PO * ihc concentration of PO. wiih initial value the basal-concentration of 
PO 



state variable : d / dt (die ACCUMULATION of any COMPLEXED-MOL- 
POOL PO) - the -input-rate of PO - - the -output- rate of PO + the -density-entry 
of PO - the decav-ratc- factor of the boutid-mol-rcscrvoir superior to the 
workspace of PO * Uic densiiv of PO. with initial value the basal-densily of 
PO 



ihc INPUT-RATE of anv BIOPOOL PO = ihe first of ihc following 
expressions dial has a value (max ( 0.0. ihe sum over each bioproduci P 
connected to PO of ( ihc produciion-raic of P ) + the firsi of ihc following 
expressions that has a value (the output- 1 of the model-block M upon the 
subworkspace of the input-modcl-box connected to PO. 0.0 ». 0.0) 



the OUTPUT-RATE of any BIOPOOL PO = the first of the following 
expressions ihai has a value ( max (0.0. ihc sum over each biorcaeiani R 
connected to PO of ( the consumption-rate of R ) + ihc first of the following 
expressions that has a value (the ouipul- 1 of the model-block M upon- the 
subworkspace of ihe output-modcl-hox connected to PO. 0.0 ) ) , 0.0) 

ihc PRODUCTION-RATE of any BIOPRODUCT P = the first ol ihc 
following expressions ihai has a value (max ( 0.0. ihc velocity of die 
biocnsiiie connected to P * die stoichiomctric-coeff of P ). 0.0 * 

die CONSUMPTION-RATE of any BIOREACTANT R = the first of the 
following expressions that has a value t max (0.0. die velocity of the 
hioeneine connected to R / die stoichiomctric-cocf f of R ). 0.0) 



the CONSUMPTION-RATE of any AMPLIFIER-BIOREACTANT R = 0.0 



the VELOCITY of anv BIOENGINE.El.SI.Il E = ihc first of ihc following 
expressions ihai has a value (the cffcctivc-binding-sites of the enzymc.r Z 
connected at the port- 1 of E * ihc catalyiic-raie-consiam of Z * ( ihc 
concentration of the sol-mol-pool connected to Z * the concentration SQ of 
ihc sol-mol-pool connected to the subsiratc.r S connected at the si of E / SQ 
+ the michaclis-consiant of S * ( if there exists a comp-inhibitor.r I connected 
at die i I of E then ( 1 + die concentration of the sol-mol-pool eonnecficd to 1 
/ the Inhibiiion-consiant of I ) else 1 )). l.Oe-Wi 
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TABLE 86 



GENERIC SIMULATION FORMULAS FOR MIXED-TYPE 
SIMULATIONS 

siatc variable : d / dt < the ACCUMULATION of any BIOPOOL PO) = ihc 
input-rate of PO - the output-rate of PO + the density-entry of PO - the decay- 
rate-factor of the biorcscrvoir superior to the workspace of PO * the density 
of PO. wiili initial value the basal-density of PO 



ihc DENSITY of any BIOPOOL PO = the first of the following expressions that 
has a value ( max l 1.0e-9. ( the scaled-amount of PO * thescaling-dcnshv of 
PO ) ). 9.9c-99 ) 



the concentration C of any biopooi. PO = the first of the following 
expressions that has a value ( max ( l.0e-9. ( the densiiv of PO / ( 6.023e23 
* top-volumc-po(PO)))) . 9.9e-99 ) 



ihc CONTRIBUTION of any A M PLI FIER- B I ORE ACT A NT R = the first of 
the following expressions that has a value ( nun < 1 .0. max (0.0. the 
effcctivc-biiiding-siies of R * the density of the biopooi PO connected to R / 
the scaling-density of POVh 0.5 ) 

the CONTRIBUTION of any SUBSTRATE.R R = the first of the following 
expressions that has a value t min < 1.0. max (0.0. the concentration Q of the 
biopooi PO connected to R / < the michaeiis- 
constant of R + Q ))) ♦ 0.5 ) 



the CONTRIBUTION of any INHIB1TOR.BIOREACTANT R = 

the first of the following expressions that has a value ( min (1.0. max (0.0. 
the concentration Q of the" biopooi PO connected to R / f the inhibition- 
constant of R + Q ))) . 0.5 ) 

the CONTRIBUTION of any LEADING-BIORE ACTANT R « the first of 
the following expressions that has a value ( min (1.0. max (0.0. the effective- 
binding-sites of R * tlie density of the biopix>l PO connected to R / the 
scaling-density of PO)) A the stoichiomctric-coeff of R. 0.5 ) 



the CONTRIBUTION of any B INDI NG-B IORE ACT ANT R = the first of 
the following expressions that has a value ( min (1.0. max (0.0. the density Q 
of the biopooi PO connected to R / ( the equilibnum-ilissociaiion-consuiu of 
R + Q ))) A the stoidiiomctric-coeff of R . 0.5 ) 



the CONTRIBUTION of any ION.R R-the first of the following 
expressions that has a value ( min (1.0. max (0.0. the concentration Q of the 
biopooi PO connected to R / ( the equilibrium-constant of R + Q ))) . 0.5 ) 



the CONTRIBUTION of any SINGLE-BIOREACTANT R = the first of the 
following expressions that has a value t min (1.0. max (0.0. ihc density of 
the biopooi PO connected to R / the scaling-density of PO)), 0.5 ) 
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GENERIC SIMULATION FORMULAS tor Model Blocks 
the output- 1 of any CONSTANT.FCFa Uw cunsiam of CF 

Tracing and breakpoints default the output- 1 of any INCREAS1NG.F = the current lime * le-5 

the ouipui-1 of any PROPORTION AL.F PF = the input-1 of PF * ihe gain of PF + the bias of PF 

iheouiput-1 of any SIGMOlD.F SF = l.0/( 1.0+ expt -the gainofSF * < 10 * the input- 1 of SF i 
- the bias of SF> » 

the output- 1 of ;my EXP.C.PDF C = 1.0- exp (- the x-val of E/ the mean of El 

the output- 1 of any EXP.l.PDF E = expi- the x-val X of E / the mean M of E) /M 

the output- 1 of anv UNIF.C.PDF UC = i if the x-val X of UC < the min-val Ml of UC then MI else 
<if X > the max-val MA of UC then MA else ( l X - MI) / ( MA - Ml )» ) 

the output- 1 of any UNIF.RN.F UR = random ( the min-val of UR. the max-val of UR » 

ihe output- 1 of am NORMAL.RN.PDF NR * the mean of NR + ( ( the max-val of NR + the min-val 
of NRt / ft > * sqn'l -2.0 * In t random I 0.0. l.0> ) ) * sin ( 2.0 * pi 0 w random \ 0.0, 1.0) ) * 
ln( random ( 0.0. 1.0) ) 

the outpui-1 of anv NOKMAL.K.PUF Nl = exp itexpt ((the x-val of Nl - the mean of NI I. 2m I (2.0 * 
< the max-val MA of NI + the min-val Ml of Nl) / ft H * (1.0 /tsqrt < ZM * pi u * t MA + Mh / ft )» 

..... . — — * 

the output- 1 of anv SIN.TIME.F ST = max ( the min-val of ST. min < the max-val of ST. the hias 
of ST + the gain of ST * sin < the current lime / the frequency of ST ) n 

the output- 1 of any C( )S.T1ME.F CT = max ( the min-val of CT. nun tthe max-val of CT. cos 
( the current ume / ihe frequency of CT ) / the gain of CT ) ) 

ihe output- 1 of any EXP.RN.PDF E = max t the min-val of E. min t the max-val of E. - 
In t random t0.0. l.Oi ) " the mean of E )> 



TABLE RK 

GENERIC SIMULATION FORMULAS for Cell Cycle 

state variable : d / dt I the number-of-eells of any g 1 -phase P) = the progression-rate of the cycle-path 
connected at the Go of P + the progression-rate of the cycle-path connected at the I)i of P - the 
progression-rate of the cycle-path connected at the S of P. with initial value O.o 

aiatc variable : d / dt (the numher-of-cells of any S-phase P> = the progression-raie of the cycle-path 
connected at the Gl of P - the progression-rate of the c-cycle-path connected at the G2 ol P. with 
initial value 0.0 

state variable : d / dt (the number-of-ceils of any G2-pha.se P) = the progression-rate of the cycle-path 
connected at the S of P - the progression-rate of the e-eyete-paih connected at ihe M ol P - ihe 
progression-rate of the cycle-path connected at the Ap of P. with initial value 0.0 

state variable : d / dt (the number-of-ceils of any M-phase Pi = the progression-rate of the cycle-path 
connected at the G2 of P - the profession- rate of ihe cycle-path connected at the GO ol P - the 
progression-rate of the cycle-path connected at the G 1 of P. with initial value 0.0 ^ 

state variable : d / dt (the number-of-eells of any differ-stage P> = the progression- rate of the 
cycle-path connected at the Gl of P - the progression- rate of the c-cycle-path connected at the NG 
of P. vviih initial value O.o 

state variable : d / dt iihe number-of-ceils of any apoptosis P) = the progression-rate of the cycle-path 
connected at the G2 of P. with initial value 0.0 

state variable : d / dt (the numher-of-cells of any cell-phase Ct = the sum ovct each cycle- path Pi 
connected at an input of C of < the progression-rate of Pi \ - the sum over each cycle-path Po 
connected at an output of C of (the progression-rate of Po) . with initial value 0.0 

the procression-raie ol any c-cycle-path P = the rate-constam of P * ihe tau-eoeif of P A the 
numhcr-oi -cells of the cell-phase connected at the innui oi P 
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an user-mcnu-choice 


Label 


create-local 


Applicable class 


complex-biocmity 


Condition 


(he item has a name 


Action 


start ET-CREATE-LOCAL-PROC (the item, this 


window) 





ET-CREATE-LOCAL-PROC (EN: class complex-bioentity. W: class 
window) 

create a complex-bioentity LO by cloning EN: 

transfer LO to the \VS of EN at (the item-x-position of EN + 

10. the item-y-position of EN - 30): 
for each biocntity CO upon the SW of LO do 

make CO transient and delete CO: 
for each bioentity-notes BN upon the SW of LO do 

make BN transient and delete BN: 
make LO permanent: 
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an user-mcnu-choice 
Label add-scaled-input 
Applicable class biopool 

Condition the scaled-input-modcl-box connected to the item does 

not exist 

Action start CREATE-SCALED-INPUT-MODEL-BOX- 

PROC (the item, this window) 



CREATE-SCALED-INPLT-MODEL-BOX-PROC (BP: class biopooL 
Win: class window) 

create a sealed-inpui-model-box B by cloning MASTER-SCALED- 

INPIT-MODEL-BOX: 
transfer B to the workspace of BP at (lcft-cdgc<BP) -7. middle-y(BP)+56>: 
make B permanent: 

show the subworkspace of B on Win with its center MO units above the 
center of the screen: 



TABLE 9 1 



an user-mcnu-choice 

Label ercate-sw 
Applicable class biocngine 

Condition not ( there exists a subworkspace of the item ) and 

the toggle-state of the item is hide 
Action start CREATE-SW-FOR-BIOENGINE Cthc item, this 

window) 



CREATE-SW-FOR-BIOENGINE (E; class biocnginc. win: class window) 

create a workspace box by cloning the SW of bioenglne-sw -master : 
show box on win at the center of the screen: 
make box the subworkspace of E; 
make box permanent: 
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an user-menu -choice 
Label add-top-post 
Applicable class biopool 
Condition none 

Action start CREATE-BIOPOOL-P-POST-PROC 'the item, this window ■ 

CREATE-BIOW >< >L-P-POST-PR< )C <BP: class biopool. Win: class window) 
create a biopool-p-post P: 

it the biopool -p-post connected at the p02 of BP does not exist then 
next-label = pp()2": 
\ = - 50: else 

it' the biopool-p-post connected at lite p04 of BP does not exist then 
next-label = "pplU": 
x = - 25: else 

it the biopool-p-post connected at the p06 of BP does not exist ihen 
next-label = "pp06": 
x =0: else 

it the biopool-p-post connected at Ute p08 of BP does not exist then 
next-label = "ppU8": 
x = 25: else 

il the biopool-p-post connected ai the plOof BP does not exist then 

., ...... — "^r>t(»"- 

\ = 50: else 

it" the bior*\>l-p-j\>st connected at lite pi 2 ol' BP does not exist then 

next-label = "ppl2 ": 

x = 75: else 
eo to pan-2-rouune: 

transier P to the workspace of BP at ( middle-x \ BP) + x. middle-yt BP) + 40): 
chance ihe lext of the label of P to "| next-label I": 
call P(MUPt>ST-NAME-lT-PR<)C tP. Wini: 
ntake P permanent: 
return: 
pan-2 -routine : 

if not i there exists a biopiiol-p-posi connected at ihe p*.> I of BP) then 
next-label = "ppO!": 
x = -63: else 

if the biorx\*l-p-post connected at the p03 ol" BP does not exist then 
next-label = "pp03 ": 
x = - 3X: else 

if the biopool-p-post connected ai the p05 of BP does not exist then 
next-label = "pp()5": 
x = - 13: else 

il Ute biopool-p-post connected at the p07 of BP does not exist then 
next-label = pp07": 
x =12: else 

if the hiopinM-p-p<^si connected at the p*W of BP does not exist then 
next-label = prHW": 
x = 37: else 

if the biopool-p-post connected at Ute pi I of BP docs not exist then 
next-labels ppll': 
x = 62: else 
to exit-routine: 

Transfer P to the workspace of BP at ( middle-x * BP) + x. middle-y< BP) + 60): 
chance ihe text of the label of P io M |nexi-labeU": 
call W K )LP( )ST-N AME-IT-PR< >C ( P. Win): 
niaxe P permanent: 
return: 
exit-routine: 

md = call uil-ercate-messaee-dialoe t "md ". 'Chance the label ot the new post to the 
next consecutive number, such as ppl 3. place u in next posuton. ;tnd connect it u> 
the connection ol the last raised post, and select name-it from us menu", win. the 
svmbol none. 0. 0): 

transfer P to the workspace of BP at (middle-x (BP) + 100. midJle-ytBP) + UK)): 
make P permanent: 

il the biopool-p-post connected at the pOl of BP exists then 
move lite biopool -p-post connected at the p(U of BP um nuddle-\ < BP) 
-o.v nuuuie-\»BP> + iOu>: 
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:»n n«er-menu-choicc 

Label name-it 
4ppl»c;»hle class hiopool-posi 
Condition the iicm has no name 

Action stan KX>LPOST-NAME-IT-PRC>C Mhe item, this window* 



P()< >LPOST-NAME-IT-PR(>C (post: class biopool-post. win: class window* 
BR = the bioreservoir superior to the workspace of post; 
length = length-of-iext ('(the name of BR1" ): 
base-name = omit -from -text ( "[the name of BR)", lencth - 1. length^: 
post-name = inscrt-in-iext ( "[the lal>el of po*i|'\ base-name, lencth - 1 »: 
change the name of post to symbol riposi-namep: 
change the text of the label of post to "I post-name)"; 
change the face-color icon-color of post to green: 
make post permanent: 



TABLE 94 



an user-menu-choice 

Label unname-u 
Applicable class biopool-nost 
Condition (he item has a name 

Action start P(X)LPOST-RKMOVE-NAM£-PR(>C (the item, this window > 



P<X>LPnST-REM(>VE*NA\IE-PR<>C (post: class biopool-post. W: class window* 
change the text of the names of post to none' : 
change the text of the ivf-bioprtvess ot post to none": 
length = length -of-text i the label of posn; 
base-label =\>m it -from -text (the label of post. L length - 4i; 
change the text of the lahel of poM to | base-label]' : 
change the face-color icon-color of po>t to light -gray; 
make rvst permanent: 
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an user-menu -choice 

Label unname-it 
Applicable class biorole-post 
Condition the item has a name 

Action start R< >LEP< >ST-REM< >YE-N AME-PRt K \ the item, this window > 



R( )l >;P( >ST-REM< )VE-NAME-PR< )C < jv*t: class biorole-post. win: class window * 
ii there exisis a biopool connected to post then 
BR = the bioreservoir superior to the workspace of the bii>pool connected to post; 
it the biopist|-posi named by the name of post exists then 
PP b the biopool-post named by the name of post: 
change the text of the ref-biopn vess of PP to none : 
make PP permanent: 
change the text of the ref-buireservoir of post to "none 
change the text of the names of post to none": 
change the text of the label of post to ' none"; 
make post permanent: 



TABLE** 



an user-menu-choice 

l.abel set-refs 
Applicable cla» bioiole-posi 
Condition the item has a name 

Action start ROLEPOST-SET-REFS-PROC (the item, this window ) 



l« >LKH( ) ST- S ET* RE KS • PR ( >C < post: class biorole-post. \V: class w mdowi 
BP = the biopnve.vs superior to lite workspace of post: 
ii there exists a buipool Pt ) connected to post then 
BK = the bioreservoir superior to the workspace of PC); 
~ PP = the biopost named by the name of post: 

if post is a hiorcactaiit-posi and PP is not a biopool -r-post then inform the operator that "You are trying ... ei>e 
if post is a bioproduct-post and PP is not a hiopool-p-posi then inform the operator that You are trying " cUe 
conclude that the ref-bioprocess of PP = the name of BP: 
make PP permanent: 

conclude that the ref-Hioiv*crvoir of pwi = the name of BR; 
make post permanent. 

IVi 
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initially show the subworkspacc of INITI ALIZATK >N-PANEL at the center of the screen 



TABLE 98 



BASIS-MENU-HEAD-CALLBACK (button: class button, win: class window, dlg-or-wksp: class item) 
"if ihe user-mode of win is developer then start gdm-init-aiid-show-menu-system (developer -menu-head, win) else 
if the user-mode of win is modeler then start cdm-init-and-show-menu-system (modeler -menu-head, win) else 
if the user-mode of win is general or ihe user-mode of win is navigation then start gdm-init-and-show-mcnu-system 

(ceneral -menu-head, win) else 
if the user-mode of win is simulation then start gdm-init-and-show-menu-system t simulation-menu-head, win): 
return 
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NAVIG-1N1T-PROC (win: class window) 
inform the operator that "Initialization staned": 
lor BP ss each bioprocess do 
allow other processing: 

if the subworkspacc of BP exists then activate the subworkspacc of BP: 
tor BR = each bioreservoir do 
allow other processing: 

if the subworkspacc of BR exists then activate the subworkspacc of BR: 
cull BR-INITI.ALIZATION-PROCO: 

inform the operator that "The bioReservoirs have been initialized": 
lor BP = each bioprocess do 
if BP has a name then 

call BP-IMT]ALIZAT1<>N-PR(>C(BP): 

call DOWNSTREAM-CHAINING-PROC (BP): 

call UPSTREAM-CHAINFNG-PROC (BP): 
inform the operator mat "The hioProccsscs have been initialized ;uid chaining is completed": 
\w BM = each biomodcl do 
call BM-lNmALiZATlON-PR<>C tBM): 
inform die operator dial "The bioNUxlels have been initialized' . 



TABLE 100 



BR-INMTlALIZATH>N-PR()CO 
for BR = each bioreservoir do 
if BR has a name then 
allow other processing: 
conclude that the status of BR is available: 
S\V = the subworkspacc of BR: 
P( ) = die biopool upon SW: 
conclude that the label of PO = the label of BR: 
chance the text of the mastcr-bioreservoir of BR lo'lihe name of BR \" : 
WS « the workspace of BR: 
if the bio-object-tiile upon WS exists then 

conclude that the compartment of BR = "(the label of the bio-object-tiile upon VVSI": 
if the warnings of BR /= then change the ilag-color icon-color of BR to yellow else change the flag-color icon- 
color of BR to the status-color icon-color of BR. 
if there exists a biopool -r-posi connected to P< ) then 
for PRP * each biopool-r-posi connected to Pi ) do 
if PRP has a name then 

if there exists a biorcactaiu-post RP such that t RP has a n;ime and the name ot RP = the name ot PRP) then 
DBP = the bioprocess superior to die workspace of RP. 
conclude that the ref-hioprocess of PRP = the name of DBP: 
conclude dial DBP is a-down-bioprocess-of BR: 
if there exists a biopool -p-post connected to Pi ) then 
tor PPP = each biopool -p-post connected to Pi ) do 
if PPP has a name then 
allow other processing: 

if there exists a hioproduct-post PP such thai (PP has a name and the name ot PP = the name ot rrr) men 

UBP = the bioprocess superior to the workspace of PP: 

conclude that the ref-bioprocess of PPP = die name of UBP: 

conclude that UBP is an-up-bioprocess-of BR: 
make BR permanent: 
return 



W09dtt2S75 



PCT/US96/00383 



TABLE 101 

BP-INITIALJZATION-PROC (BP: class bioproccss) 



SW: class kb- workspace = die subworkspaee of BP: 
WS: class kb- workspace = the workspace of BP: 
allow other processing: 
conclude that the status of BP is available: 
if there exists a bioencine E upon SW then 
chance the type-color icon-color of BP to the type-color icon-color 

of the bioencine upon SW: 
conclude that die label of E = the label of BP: 
change the text of the mastcr-bioprocess of BP to "(die name of BP)"; 
if the" hkvob jcet-iitle upon WS exists then 

conclude that the compartment of BR = "[the label of the bkvobjcci-mle upon WS] M : 
if the warnings of BP /= then change the flag-color icon-color of BP to yellow else 

change the*Ylag-color icon-color of BP to the type-color icon-color of BP: 
if there exists a bioreaciant upon SW then 
lor R = each bioreactant upon SW do 
allow other processing: 
RP = the btoreaetam-post connected to R: 
if RP has a name then 

if there exists a biopost PRP such that (PRP has a name and 
the name of PRP = die name of RP and PRP is not a biopool- 
r-posi) then inform die operator that " A wrong connection 
lias been establised. A bioreactant-post aimed |the name 
of RP) has been given the same name as a biopost thai is 
not a bioptxil-r-posi" else 
if there exists a biopool-r-posi PRP such 

that (PRP has a name and the name of PRP = the name of RP) then 
UBR = the bioreservoir superior to the workspace of PRP: 
conclude that die rcf-hiorcservoir of RP = the name of UBR: 
if there exists a bioproccss that is an-up-bioprinress-of UBR then 
for USBP = each bioproccss diat is an-up-bioprocess-of UBR do 
conclude diat USBP is an-upstream-hioproeess-of BP: 
if diere exists a bioreservoir that is an-up-biorcservoir-of USBP then 
for USBR = each bioreservoir that is an-up-bioieservoir-of USBP do 
conclude thai USBR is an-upstream-biorescrvoir-of UBR: 
if there exists a bioproduci upon SW then 
lor P = each bioproduci upon SW do 
allow other processing: 
PP = the bioproduct-post connected 10 P: 
if PP has a name then 

if there exists a biopost PPP such that (PPP has a name and 
the name of PPP = the name of PP and PPP is not a biopool- 
p-posu dicn inform the operator that "A wrong connection 
has been establised. A bioproduct-post named (die name of 
PP| has been given the same name as a biopost that is not 
a biopool-p-posf else 
if there exists a biopool-p-post PPP such 
that (PPP has a name and the name of PPP = the name of PP) then 
DBR = the bioreservoir superitv to the workspace of PPP: 
conclude that the ref-bioreservoir of PP = the name of DBR: 
it there exists a bioproccss that is a-down-bioproccss-of DBR then 
for DSBP = each bioproccss that is a-down-bioproccss-of 
DBR do 
allow other processing: 

conclude thai DSBP is a-downstreani-bioprocess-of BP: 
if there exists a bioreservoir that is a-down-biorcservoir-of 
DSBP then 

lor DSBR = each bioreservoir that is a-down-biorcservoir-ol DSBP do 
conclude thai DSBR is a-downsireiim-bioreservoir-of DBR: 
make BP permanent, 
return; 
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DOWNSTREAM-CHALNING-PROC (BP: class bioprocess i 
if there exists a bioprocess thai is a-downstrcam-hioprocess-of BP then 
lor BP1 = each bioprocess iliai is a-downstream-bioprocess-of BP do 
allow other pavessing: 

if there exists a bioprocess that is a-downsueam-bioproccss-of BP1 tlien 
lor DBP = each bioprocess that is a-downstream-bioprocess-of BP1 do 
il' DBP is not a-downstream-bioprocess-of BP then 
allow other processing: 

conclude that DBP is a-downstream-bioprocess-of BP: 
call DOWNSTREAM-CHAIMNGPROC (DBP>: 
if there exists a bioreservoir thai is a-down-hiorescrvoir-of BP then 
for BR I =each bioreservoir that is a-Uown-bioreservoir-of BP do 
allow other processing: 

if there exists a bioreservoir that is a-downstrcanvbiorcservoir-of BR I then 
for BR 2 =each bioreservoir that is a -down stream -btoreservoir-of BR I do 
if there exists a bioreservoir that is a-downsircam-bioreservoir-of BR 2 ihcn 
for DBR « each bioreservoir that is a-downstream-biorcscrvoir-of BR2 do 
' if DBR is not a -downstream -biorescrvoir-of BR 1 then 
allow other processing: 

conclude that DBR is a-down stream- biorescrvoir-of BR1: 



TABLE 103 



UPSTREAMCHAINING-PROC (BP: class btoproccssi 
1 1 there exists a bioprocess that is an-upstream-bioprocess-of BP then 
for BP1 = each bioprocess that is an -upstream -bioprocess -of BP do 
allow other processing: 

if there exists a bioprocess that is an -upstream -bioproccss-of BP I then 
for UBP = each bioprocess thai is an-upstream-bioprocess-of BP1 do 
if UBP is not an-upstream-bioprocess-of BP then 
allow other processing: 

conclude that UBP is an -upstream -bioproccss-of BP: 

call UPSTREAM-CHAINING-PROC (UBP): 
if there exists a bioreservoir that is an-up-bioreservoir-of BP then 
ior BR1 =each bioreservoir that is an-up-bioreservoir-of BP do 
allow other processing: 

if there exists a bioreservoir that is an-upstream-bioreservoir-of BR I then 
for BR2 =each bioreservoir that is an -upstream -biorescrvoir-of BR1 do 
if there exists a bioreservoir that is an-upsircam-buvcscrvoir-of BR 2 then 
for UBR = each bioreserv oir that is an-upstream-biorcscrvoir-of BR2 do 
if UBR is not an-upsiream- bioreservoir -of BR1 then 
allow other processing: 

conclude that UBR is an- upstream -bioreservoir -of BR I . 



TABLE HU 



INIT-BM-CC >NTAINF.D -CALLBACK (button: class uil-button. win: clas* window, wksp: class kb- workspace i 
inform the operator thai "New biomodel nanus and containing relations will now be established": 
for each biomodel BM do: 

call BIOMt )DEL*LNrnALIZATK)N-PR(>C (BMr. 
inform the operator that New biomodel names and containing relations are now completed 
return 

BIC >M( )DEL-INTnAUZA'n()N-PR< )C ( BM: class biomodel) 
view s the SW of BM 

*ct the title upon view equal to "the label of BM - the title of view : 
lor each biomodel BM1 upon view do: 

conclude that BM I is ftU'Oh\TAIXEnw BM. 

lor each biomodel CBM thai is thr-containcr-of-hm BM do: 
conclude that BM1 is B\t-CO\r,\!SFt) {\ CBM: 

call BIOMODEL- 1 N1T1 A LiZ.ATl(>N PRC>C ( BMl >: 
if the warnings of BM is not empty then 

chance tluf flag-color of BM to yellow else change the flag -color of BM to gray: 
for each bioProeess BP upon view do: 

conclude that BP is BP-CoSTAlXED-iS BM: 

for each biomodel CBM that is Uw-t oMtirn'r-ot'-hm BM do: 
conclude that BP is BP-COSTAtXEMX CBM: 
tor each bioReservoir BR upon view do: 

conclude that BR is nx-cnsTMXED-lX BM: 

tor each biomodel CBM I that is Uwamiatnrrothm BM do 
conclude that BR is M-COSTMXEIhlX CBM: 
etum 
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ADD-yUER Y-CALLBACK (button: class uil-button. win: 
call bT-LNITlALlZATlON-PROC t r. 
call L\TT*yUERY -TABLES -PRC KT (win): 


class window, panel: class selection -punch 


return 




TABLE 106 


yUERY-INIT-CALLBACK (button: class button, win: cla: 
call NAVIG-INTTPROCfwin): 
call ET-IN1TIAUZATION-PRCJC ( >: 
call I NIT-y U ER Y -T A B LES * PR( XT iwin>: 


ss window, panel: class select ion- panel) 


return 




TABLE 107 



ET-INITIALIZATION-PROC 0 
n: integer = 0: 

tor ET st each complex-bioentity do 
if ET has a name then 
n = 0: 

conclude that the id of ET = "I the name of ETJ-O ': 

I'or CE = each complex-buvntity that is of the class named by the class of ET do 
if the mastcr-hiocntny of CE = the name of ET then 
n s n + 1 : 

conclude thai the id of CE = *'|the name of ETl-[n) 
return : 



TABLE I OR 



INIT-yUERY-TABl.ES-PROC ( win: class u2-wmdowi 
activate the subworkspace of yUERY- ARRAYS-BIN: 

if there exists a query- array upon the subwtnkspace of yUERY-AR RAYS-BIN then 
for yA = each query -array upon the subworkspace of yUERY -ARRAYS-BIN do 
make yA transient: 
delete yA: 

if there exists a query- list upon the subworkspace of yUERY -LISTS- BIN then 
lor yL= each qucrv-list upon the subworkspace of yUERY-LlSTS-BIN do 
delete yL: 

call rlN|>BIO^\Trn '-DEFINITIONS-PROC (V. 
call CREATE-yUKRY-LISTS-PROC ( ): 

for yl. s each query-list upon the subworkspace of yUERY -LISTS BIN do 
CL = the ref-component-class of QL: 

if there exists a bkn:niiiy EC that is of the class named by CL then 
for EC s each bfocniiiv that is of the class named bv CL do 
call RND-NANIED-BlUENT^ wm»: 
conclude that the lencht of yL a the number of elements in yL: 
call C( )MPI .ETE-yU ERY -TABLE- PR( )C l win i: 
call CREATE- AL'.\lLlARY-yUERY*ARRAYS-PR< )C t wini: 
deactivate the subworkspace of yUERY- ARRAYS-BIN: 
activate the subworkspace of yUERY- ARRAYS-BIN. 
inform the operator that The master query* lists have been completed" 



TABLE 109 



rTNn-BI()ENTTTY-DEFlNITI<)NS-PROC (> 

for B = each ui I- goto- workspace-button upon the subworkspace of BIOKNTITIES do 
for Bl s each ml-coto-workspacc-hutton upon the subworkspace of B do 
it there exists an "object-definition upon the subworkspace of Bl then 
for Ol) = each obiect -definition upon the subworkspace of Bl do 
call CREATE-yUERY-ARRAYPROC <OD> 
else 

lor B2 = each uil-eoto- workspace -button upon the subworkspace of Bl do 
if there exists an object-definition urvn the subworkspace of B2 then 
for Ol) = each object -definition upon the subworkspace of B2 do 
allow *>tUer processinc: 
call CREATE-yUERY-ARRAYPROC (OD) 
else 

for B3 = each uil-coto- workspace -button upon the subworkspace of B2 do 
if there exists an object -definition upon the subworkspace of B3 then 
tor Ol) « each obieet-dertnition upon the subworkspace of B3 do 
call CREATE-QUERY- ARRAY-PRC )C « >l) - 
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CREATE-QUERY-ARRAY-PROC (MC: class objecl-definiuon) 
SC = symbol (die icxi of the superior-class of MC): 
SW = the subworkspace ol query-arrays-bin 
case (SC)of 
protein-site : 
create a querv-arrav MA: 
transfer MA to SW at (-160. -265 >: 
CL = the text ol the class-name ol MC: 
chance the text of the major-class of MA to "protein-site": 
chance ihe text of the ref-component-class of MA to ,f |CL]": 
chance die name ol MA to symbol nCLl-query-a/ray" r. 
protein-modificd-croup : 
create a querv-anay MA: 
transfer MAtoS Wat (-160. -265 ): 
CL = the text of the class-name of MC: 

chance the text of die major-class of MA to "protein-nuxiified-group": 
change the text of the ref-component-class of MA to "|CL]*': 

change the name of MA to symbol ( "|CL ]-query -array " J . 
protein-motif: 

create a querv-array MA: 

transfer MA to SW at (-160. -140): 

CL = the text of the class-name of MC: 

chance the text ol* die major-class ol MA to "protein-motif: 

chance die text of die rel-componem-elass of MA to M |CL]": 

chance die name of MA to symbol nCLl-query-anay"). 
protein-domain: 

create a query-array MA: 

transfer MA to SW at t- 160. -10): 

CL = die text of the class-name of MC: 

change the text of the major-class of MA lo "protein-domain": 

efowge die text ol the ref-component-class of MA to "|CL]": 

change die name of MA u> symbol HCLI-query-array* '): 
protein: 

create a querv-arniy MA: 

transfer MAto SW at (-160. 120): 

CL = the text of the class-name of MC: 

chance the text of die major-class of MA lo "protein" : 

chance die text of the ref-component-class of MA to ICLf: 

cliangc the name of MA to symbol nCLJ-query-aJTay*' r. 
hctcr.mol.complcx: 

create a qucn-array MA: 

transfer MA to SW at M60. 245 1: 

CL = the text of the class-name of MC: 

chance the text of the major-class of MA to "heier.nnjl.complex'": 
chance die text of die ref-component-class of MA to "[CL]**: 
chance the name of MA to symbol nCL'-query-arTay'' ): 

Una-component : 

create a querv-array MA: 

transfer MA to SW at (-160.370): 

CL = die text of the class-name of MC. 

chance the text of the major-class of MA to "dna-componenf: 

change the text of the rel-component-class of MA to "[CL) M : 

cliange the name of MA to symbol r|CL]-query-array M K 

nucleic-acid: 

create a querv-array MA: 
transfer MA to SW at (-160. 370): 
CL = the text of the class-name of MC: 
change the text of the major-class of MA to "nucleic-acid": ^ 
change the text of the ref-component-class of MA to "|CL|": 
change the name of MA to symbol ( H |CL]-query-array"i: 
otherwise, 
allow other pnnxssinc: 
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CREATE-QUERY-LISTS-PROC () 

SW = ihc subworkspace of QUERY-ARRAYS-BIN : 
for QA =s each query-array upon SW do 
allow oihcr prwessing: 
QAN = the name of QA: 
create a uucrv-list QL: 

transfer QL to SW at (middlc-x(QA), middlc-y (QA)): 
change the text of the rcf-array of QL to "IQAN] M : 
change the text of the ref-componcm-class of QL to "(the ref- 
component-class of QA]": 



TABLE 112 

F1ND-NAMED-BIOENTITIES-WITH-COMPONENT-PROC (EC: class biocntUy , 
QL: class query-list, win: class window) 

if EC has a name then 

call SEEK-BIOENTITY-COPIES-PROC (EC, QL. win) 
else 

allow other processing: 

SECN = call HND-NAMED-BIOENTITY (EC. win): 

if SECN is not none then 
al low other processing ; 
SEC = the bioentiiv named bv SECN: 
call SEEK-BIOENTITY-CO'PES-PROC (SEC, QL. win): 
return: 



TABLE 11? 



FIND-NAMED-BIOENTITY (E: class bioentity, win: class window ) = (symbol ) 

SEl = the object superior to the workspace of E: 
if SEl is not a biocntity then return the symbol none else 
if SEl has a name then return the name of SEl else 
SE2 = the object superior to the wwkspace of SEl : 
if SE2 is not a bioentity then return the symbol none else 
if SE2 has a name then return the name of SE2 else 
SE3 = the object superior to the workspace of SE2: 
if SE3 is not a biocntity then return the symbol none else 
if SE3 has a name then return the name of SE3 else 
SE4 = the object superior to the workspace of SE3: 
if SE4 is not a bioentity then return the symbol mine else 
if SE4 has a name then return the name of SE4 else 
SE5 = the object superior to the workspace of SE4: 
if SE5 is not a bioentity then return the symbol none else 
if SE5 has a name then return the name of SES else 
SE6 = the object superior to the workspace of SES: 
if SE6 is not a bioentity then return the symbol none else 
if SE6 has a name then return the name of SE6: 
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COMPLETE-QUERY-TABLE-PR(X: (win: class g2- window) 

ASW = the suhworkspacc of QUERY-ARRAYS-BIN: 
LSW = die suhworkspacc oi QUERY-LISTS-BIN: 
if Uicrc exists a query-list upon LSW then 
lor QL = each query-list upon LSW do 
if die lenght of QL > 0 (hen 
if tlurn: exists a query-array QA upon ASW such liint (QA is die same 
object as the query-anay named by the ref-array of QL) then 
allow other processing: 

change the array-length of QA lo ihe lenght of QL; 

for S = each symbol in QL do 
IV = die text of the initial- values of QA: 
change the text of the initial-values of QA to "[IV). [S]": 

IV = omii-from-iext (die text of die inidal-values of QA. 1,6): 

change die text of die initial- values of QA to "[IV]": 

make Q A permanent: 



TABLE 1 16 



Names 
Array lencdi 
Element type 
Initial values 



a sup-ct-anav 
A-HELIX-MOTIF-QUERY-ARRAY 
28 

symbol 

a.helix.domain.mc. gh.ma. prolactin. mn. 

f.somatolactin.ma. m.epo.ma. iI2.ma. rn.il6.ma. 

m.g.csf.ma. c.mgf.ma. il6.ma. g.csf.nta. 

m.lif.ma. osm.ma. r.cntf.ma. lif.ma. ni.il4.ma. 

m.il3.ma. m.gm.csf.ma. rn.il5.ma. il4.ma. 

itf.ma. il3.ma. gm.csf.ma. m.il7.ma. rn.il9.ma. 

i!7.ma. il9.ma. a.hclix.motif.mc 
a-hclix-modf 
pnuein-mouf 



Ref component class 
Major class 



Names 
Element type 
Allow duplicate elements ! 
Ref component class 
Ref array 
Lcnclu 



a querv-list 

A-HELIX-MOT1F-QUERY-L1ST 
symbol 
no 

a*hctix-mouf 
a-lielix-motif-qucrv-amiv 
2tv 



TABLE 117 



CREATE-AUX1LIARY-QUERY-ARRAYS-PR(XT (win: class window* 

SW * die suhworkspacc of QUERY-ARRAYS-BIN 
create a quen -arrav MA: 
transfer MA ui SW at (-160. -390»: 

change die name of MA to the symbol no-group-selecuon-quen -array: 

make MA permanent: 

create a querv-anav MA: 

transfer MA lu SW at (-160. -?90>: 

change die name of MA to die symbol m>-moiif-sclccuon-query-anay: 

make MA permanent: 

create a querv-anav MA: 

transfer MAio SW at (-160. -390): 

change the name of MA to die symbol no-donrain-sc lection-query- array; 

make MA permanent: 

create a qucrv-arntv MA: 

transfer MA'io SW at (-160. -390>: 

cliange die name of MA to die symbol no-subunit-sclcction-qucry-anay: 
make MA permanent: 



XT/ 



WO 96/22575 



FCI7US96/00883 



TABLE 118 

INIT-ICONS-CALLBACK (button: class button, win: class window, panel : class 
selection-panel ) 

call INIT-BR-ICONS-PRCKM): 
call INlT-BP-lCONS-PR<>Co: 
return 



INlT-BR-ICONS-PRvXTo 
lor BR = each Moreservoir do 
if die subworkspace of BR exists then 

allow other processing: 

WS = die subworkspace of BR: 

P * die biopool upon WS: 

for GL = each e-grnph-link connected to P do 
change the core stripe-color of GL to transparent: 

it' there exists a c-graph-uacer upon WS dien 
SG = die c-scaled-br-graph-tracer connected to P: 
move SG to Ueli-cdge(P) - 8- middle-yiP) + 1 1 >: 
AG = die c-absolute-br-graph-tracer connected to P: 
move AG to (left-edge(P) - 8. middle-y(P) - 10): 
CH = die e-br-chaininig-iracer connected to p; 
move CH to iright-edgetP) + 7. middte-y(P)): 

cliange die si/e of WS to minimum. 

make WS permanent: 



INIT-BP-1CONS-PROC O 
lor BP = each bioprocess do 
il die subworkspace of BP exists then 
;dlow tidier processing: 
WS = the subworkspace of BP: 
E = the bioengine upon WS: 
tor GL = each c-graph-link connected to E do 
chanse the core'stripe-color of GL to transparent: 
ST = die c-sealed-bp-graph-traccr connected to E: 
move ST to (left-edgeiE) - 9. middle-y(E) +11): 
CH = die c-bp-cliiuninie-uacer connected to E: 
move CH to Uefi-edge(E) - 9. middle-y(E) - ID: 
UP = the c-up-padi-tracer connected to E: 
move UP to tright-edge(E) + 9. middlc*y<Ei +11): 
DN = the c-down-padt-tracer connected in E: 
move DN to trighi-cdge(E) + 9. middle-ytE) -11k 
it diere exists a bioreaciani-posi upon WS dien 
lor RP = each bioreacLint-posi upon WS do 
R s die bioreactant connected to RP: 
move RP to (lett-edge(R) - 3. middle-ytR)); 
ii diere exists a bioproduct-post upon WS dien 
for PP = each bioproduei-posi upon WS do 
P = the biopnxiuet connected to PP. 
move PP to (right-edge(P) + 4. middlc-y(P)): 
change die size of WS to minimum, 
make WS permanent: 



TABLE 1 1SV> 



ALL-1NMT-CALLBACK (button: class button, win: class window, panel: class 
selection-panel) 

call NAV1G-IN1T-PROC (win): 
call SIMUL-INIT-PROC (win); 
call INIT-BR-ICONS-PROC (K 
call 1NIT-BP-ICONS-PROC < r. 
return 
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for any biomodel BM 

whenever BM is moved hv the user then 

stan BIOMODEL- WS-CHECK-PROC (BM) 



BIOMODEL -WS-CHECK-PROC (BM: class biomodel) 
WS = the workspace of BM; 

if there is a title upon WS and BM has a SW and there is a title upon the 
SW of BM then: 
T = the title upon the SW of BM: 

new-label = "<the label of BM>-<the label of the title upon WS> M : 

if new-label /= the label of T then: 
conclude that the label orT = new-label; 
call REMOVE-BIOMODEL-CONTAINING-PROC (BM): 
call BIOMODEL-INITIALIZATION-PROC (BM): 



REMOVE-BIOMODEL-CONTAINING-PROC (BM: class biomodel) 
WS = the workspace of BM: 

for each biomodel BM1 that is bm-amtamed-in BM do 
for each biomodel CBM that is Xhe-amtamer-of-hm BM do 
conclude that BM I is not BSf -CONTAINED- fit CBM: 
for each biopnx'css BP that is bp-contained-in BM do 
for each biomodel CBM that is ihe-ammmer-of-bm BM do 
conclude that BP is not BP -CONTAINED- IN CBM: 
fix each biorescrvoir BR that is br-contained-in BM do 
for each biomodel CBM that is the-comamer-of-bm BM do 
conclude that BR is not BR- CONTAINED- IN CBM; 
for each biomodel CBM that is ihe-amuimer-oj-bm BM do 

conclude that BM is not BM -CONTAINED- IN CBM: 
if WS has a superior item S and S is a biomodel then: 
BM2 = the biomodel superior to WS: 
conclude that BM is BM-CONTAINED-IN BM2; 
lor each bionuxlel CBM that is the-amtamer-of-hm BM2 do 
conclude that BM is BM- CONTAINED -IN CBM: 
return 
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TABLE 120 
an uscr-mcnu-choicc 



Label details 

Applicable class bioprocess 

Condition the subworkspace of the item exists 

Action stan DETAILS-BP-PROC (the item, this window ) 

DETAILS-BP-PROC (BP: class bioprocess. WIN: class window) 
it the subworkspace of BP exists then 
SW = ihc subworkspace of BP: 
if the toggle-state of BP is hide then: 
if the status of bP is available then 
conclude that the status of bP is selected: 
activate SW: 

chance the status-color of BP to brown: 
conclude that the toggle-state of BP is show: 
E = the bioengine upon SW : 

move the scaled-bp-graplvtraccr connected to E to (leh-cdge(t) - s>. 
middlc-v(E) + II): * 

move the bp-chaininig-iraccr connected lo E to trighi-edge(E) - v. 
iniddle-v(E)- Hi): * 

move the up-path-iraccr connected to E 10 (right-cdge(E) + V. 
middle- v(E) + II): 

move the down-path-tracer connected to E to <nglu-edge(E) + 9. 

middle-y(E) - 10): 
for each biorcactant R upon view do 
move the biorcactant-posi connected to R to (leli-cdge(R) • 
middle-y<R»; 
for P = each bioproduct upon view do 
move the bioproduct-post connected lo P to mght-cdgc(P) + 4. 
middlc-y(P)): 
chance the size of SW to minimum: 
show SW on Win at the center of the screen: 
else if lite toggle-state of BP is show then: 
conclude that the toggle-state of BP is hide: 
change the status-color of BP to slate-blue: 
if the* status of bP is selected then 

conclude that the status of bP is available: 
deactivate SW . 
hide SW on Win 
else if the mastcr-bioproccss or BP has a value then 

call BP-MASTER-DETAILS-PROC (BP. wim 
else return 

BP-MASTER-DETAILS-PROC (BP: class bioprocess. win: class window) 
MA = the bioprocess named by the mastcr-btoprocess of BP: 
if the tocelc-state of BP is hide then 
conclude that die toggle-state of BP is show: 
if the subworkspace of the item named by the mastcr-bioprocess ot 
BP exists then 

SW = the subworkspace of MA: 
chance the size of SW to minimum: 

show" S W at full scale with its center at the center ol the screen: 
conclude that the toggle-state of MA is show ; 

else 

if the toggle-state of BP is show then 
conclude that the toggle-state of BP is hide: 
conclude that the toggle-state of MA is hide: 
hide the subworkspace of MA on win: 

ISi 
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an uscr-mcnu-choice 

Label details 
Applicable class biorcscrvoir 
Condition none 

Action start DETAlLS-BR-PROC (the item, this window) 



DETAILS-BR-PROC (BR: class biorcscrvoir. win: class window) 

if the sub workspace of Br exists then 
SW = the subworkspace of BR: 
if the toggle-state of BR is hide then 
changVihe status-color icon-color of BR to brown; 
conclude that the toggle-state of BR is show: 
CL = the hr-chaininig-tracer connected to the biopool upon SW: 
SG = the scaled- br-graph-tracer connected to the biopool upon SW: 
AG = the absolute-br-graph-iracer connected to the biopool upon SW: 
move CL to ( right-edget P ) + 6. middle* y( P)): 
move SG to ( left-edgct P> - 8. middle-y('P) + II ): 
move AG to Oeft-edget P) - 8. middle-y(P) - 10): 
change the size of SW to minimum: 

show : the subworkspace of BR on win at full scale with its bottom 
left comer 200 units to the right of the center of the screen: 

else 

conclude that the toggle-state of BR is hide: 

change the status-color icon-color of BR to mediun>ai|uamarine: 

hide the subworkspace of BR on win: 

else if the master-bioproccss of BP has a value then 
call BR-MASTER-DETAILS-PROC (BP. win 

else return 

BR-MASTER-DETAILS-PROC (BR: class bioreservoir. win: class window i 
MA = the bioreservoir named by the master-bioreservoir of BR: 
if the toggle-state of BR is hide then 
conclude that the toggle-state of BR is show: 

if the subworkspace of the item named by the master-bioreservoir of BR exists then 
SW = the subworkspace of MA: 
change the size of SW io minimum: 

show SW at full scale with its center at the center of the screen: 
conclude that the toggle- state of MA is show: 
if the text of the user- mode of win /= "simulation" then 
change the statu s-color icon-color of MA to brown: 

else 

conclude thai the toggle-state of BR is hide: 
conclude that the toggle-state of MA is hide: 
hide the subworkspace of MA on win: 
if the text of the user- mode of win /= "simulation" then 
cnanse the status-color icon-color of MA to slate-blue: 



TABLE i:: 
an uscr-mcnu-choicc 

Label details 
Applicable class compJex-hioemuy 
Condition none 

Action stan ET-DETAILS-PROC (the item, this window) 

ET-DETAILS-PROC lEN: class c\>mplex-bioentiiy. W: class window i 
if the subworkspace of EN exists then view » the subworkspace of EN 
if the toggle-state of EN is hide then 

conclude that the toggle-state of EN is show: 
show view at the center of the screen : 
if the master-bioentity of the item has a value then 

if the bioentity named by the ntasicr-hiocntiiy of EN has a SW then 

master-view = the subworkspace of the hiocmiiy named by the master-bioentity of EN: 
change the size of master-view to minimum: 
show master-view at the center of the screen: 

else 

if the toggle-state of EN is show then 
conclude that the toggle-state of EN is hide: 
hide view on W: 
.udc master-view on W 
return: 
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an uscr-menu-choicc 

Label show-br 
Applicable class hiorolc-post 
Condition the item lias a name 

Action sian ROLEPOST-SHOW-BR-PROC (the iiem. this window) 



ROLEPOST-SHOW-BR-PROC tpost: class biorolc-post. W: class window) 
BP = the bioproccss superior to tlic workspace of post: 

il post has a name then BR = the biorescrvoir named by the rcl -biorescrvoir of post 
else 

il there exists a biorescrvoir ABR such that ( ABR has no name and 
the mastcr-btoreservoir of ABR has a current value and the 
mastcr-biorescrvoir of ABR = the rcf-bioreservoir of post) then BR = ABR: 
. change the size of the subworkspacc of BP to minimum: 
case (the toggle-stale ol post ) of 
show: 

chance the color-pattern of post so that light-color is dim-gray . dark-color is light-gray : 
conclude that the toggle-state of post is hide: 
case ohe class of post) of 
biorcaciam-post : 
show the subworkspacc of BR on W at full scale with ns 
center 4(X) units io the left of the center of the screen: 
change the color-pattern of post so that white-color = the symbol black: 
biopnxiuct-post: 
show the subworkspacc of BR on W at lull scale with its 
center 400 units to the right of the center of ihe screen: 

hide: 

chance the color-pattern of post so that light-color is light-gray, dark -color is dim-gray : 

conclude that the toggle-state of post is show: 

hide the subworkspacc of BR on W: 

ii the class of post is biorcactant-post then 

chance the color-pattern of post so that white-color = the symbol white: 



TABLE 124 



an uscr-mcnu-choicc 

Label show-bp 
Applicable class biopool-post 

Condition the item has a nante and the rcl -bioproccss of the 

item has a value 

Action start POOLPOST-SHOW-BP-PROC (the item, this window) 

POOLPOST-SHOYV-BP-PROC (post: class biopool-post. win: class window i 
BP = the bioproccss named by the re I -bioproccss ol post 
change the size of the subworkspacc of BP to minimum: 
case uhc toggle-state of post ) of 
show : 

chance the color-pattern of post so that light-color is dim-gray . 
dark-color is light-gray . white-color = the symbol black, 
conclude that the toggle-state of post is hide; 
case Uhc class of post > of 
biopool-p-post: 
show the subworkspacc of BP on W at full scale with its 
center 2S0 units above the center of the screen; 
biopool-r-posi: 
show the subworkspacc of BP on W at full scale with its 
center 280 units tvelow the center of the screen: 

hide: 

chance the color-pattern ol post so that light-color is light -gray . 

dark-color is dim-gray . white-color = the symbol white: 
conclude that the toselc-siatc of post is slum-: 
hide the subworkspacc of BP on \V; 
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Ubel 

Applicable class 

Condition 

Action 



an uscr-mcnu-choice 

bioentity 
biorcscrvoir 

the ref-bioeniiiy of the item has a value 

change the size of the subworkspace SW of die bioentity named by ihc rcf-bi»>eniiiy 
of ihc item to minimum and show SW on win at ihe center of the screen: 



Label 

Applicable class 

Condition 

Action 



Ubel 

Applicable class 
Condition 

Action 



an uscr-menu-choicc 
biocniiiy 
biopool 

the ref-bioemity of the biorcscrvoir superior to the workspace of the item has a value 
chance the size 'of the subworkspace SW of the ref-biorcscrvoir superior to the 

workspace of the item to minimum and show SW on this window at the center of 

the screen 

an uscr-mcnu-choice 
biocntity 
biorolc -object 

the rcf-biocntiiy of the biorcscrvoir superior to the biopool connected to -the item 
has a value 

chance the size of the subworkspace SW of the rcf-biocntity of the biorcscrvoir 
superior to the biopool connected to the item to minimum and show SW on this 
window at the center of the screen 



TABLE 126 



an uscr-mcnu-choice 
Names none 
Label show-references 
Applicable class biorcscrvoir 
Condition none 

Action sian SHOW-REFERENCES-OF-ARRAY-PROC (the item, this window) 



S HOW-REFERENCES-OF- ARR A Y-PROC (BR: class biorcscrvoir. win: class window* 
arrav =: the references-array that cives die references of BR: 
BIN = the subworkspace of REFERENCES-BIN: 

x = 0: 
y = 0: 

if the array-length of array /= 0 then 
create a workspace WS by cloning the subworkspace of REFERENCE-WS: 
for rcf-hutton = each go-u>-subws"-button upon BIN do 
SW = the subworkspace of ref-bution: 
for R = each cabe-rcfercncc upon SW do 
tor T = each text in array do 
if T /= and the shon-rcf of R = T then 
create a cabc-rcfcrence Rl by cloning R: 
transfer Rl to WS at <x, y): 
v = v - 50: 
if v < -900 then 
x = x + 300: 
y = 0: 

change the size of WS to minimum: 

show WS on win at die center of the screen: 
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CREAT^ )N-PANEL -CALLBACK ( menu: class menu-option, 

win: class window) 

md - call create-mcssaee-dialoe ( 'md'. "Processinc the symbol extra-large, win. a tin 

panel = call cloiw-paiief*MASTtR-GENERAL-STRUCTURE-gUERY-P.\NEL): 
SW s the subworkspace of panel: 

call SET-RAUIO-BOX-ID-PRCXT f* general -structure-panel". 

"GENERAL -STRUCTURE-QUERY -PANEL-radio-box". SW. win), 
it' there exists a uil-medium-text-pushbuuon de upon SW such thai (the id of de = "de* ) then 

chanee'thc text of the callback ot de 10 " DELETE-QUER Y-PANEL-C ALLB ACK" : 
show SW on win at the center of the screen: 
delete md: 
return: 



TABLE 128 



SET-RADIO-BOX-ID-PROC u-id: text, rb-id: text. SW: class workspace, win: class window) 
if there exists a radio-button r upon SW such that iihe id of r = r-id) then 

rb = the radio-box that is ihe-croup-master-of r: 

urb-id = call unique-id r'rb-id]"): 

conclude that the id of rb= ' lurb-id|": 
return: ^ 

GET-RADIO-BOX-ID-PROC ir-id: text. SW: class workspace, win: class window) = lvalue i 
if there exists a radio-button r upon SW such that (the id of r = r-id) then 
rb a the adio-box that is die -group- musier-of r: 
return "|ihe id of rb|": 



TABLE 129 



SELEC^ (button: class button, 

win: class window, die: class query-panel) 

SW = Qu; subworkspace of dig: 

md = call create-messaee-dialoe C'md\ "Processing \ the symbol extra-large, win. 0. Or. 

rb-id = call GET-RADIO-BOX-ID-PROC ("general-structure-paner . SW. win*: 
type = call get-radio-box-valuc idlg. rb-id): 
ca.se uype lot 
subunus: 

MPs M ASTER-S UBUN ITS-QUERY- PANEL: 

domains: 

MP= M ASTER- IX >MA1NS-QUERYPANEL. 

motifs: 

MP= MASTER-MOTIFS-QUERY-PANEL: 
croups: 

"MP* M ASTER-GR( HJPS-QUERY -PANEL: 
subunits-subunits: 
MP» MASTER-SUBUNITS-SUBUN1TS-QUERY-PANEL: 

domains-domains: _ 
MP = MASTER-DOM AINS-(X)MALNS-QUERY-P.ANEL: 

domains-motifs: 
MP = MASTER-DOMAINS-MOTIFS-QUERY-PANEL: 
dornains-croups: 

MP = MASTER-UOMAlNS-GROUPS-QUERY-P.\NEL: 

motifs- motifs: 
MP = MASTER-MOTIFS MOTIFS-QUERY-PANEL: 

motifs-eroups: 

MP = MASTER-MOTIFS-CROUPS-QUERY-PANEL: 

croups-croups: 

"MP = MASTER -GROUPS-GROUPS-QUERY-PANEL: 
panel = call clone-panel < MP): 

call CREATE-GENERAL-QUER Y-PANEL-PROC (type, panel, wini. 

show the subworkspace of die with its bottom right corner at the bottom right comer oi the screen, 
show the subworkspace of panel at the center of the screen: 
delete md: 



renin;. 
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CREATE-GENERAL-QUERY-PANEL-PROC (type: symbol, panel: class query-panel, 
win : class window) 

SW = the subworkspace of panel: 

it there exists a radio-button B upon SW such that (the id of B * "subunits") then 

call SET-RADIOBOX-ID-PROC ("subuniis". "3-BR^"iype"l-yUERY-radio-box". SW. win): 
n there exists u radio-button B upon SW such that (the id of B = "domains") then 

call SET-RADIO-BOX-ID-PROC ( 'domains". "4-BR-itypel-QUERY-radio-box". SW. win): 
it there exists a radio-button B upon SW such thai (the id ot B = "motifs") then 

call SET-RADK )-B()X-lD-PR( >C ( "motifs". "5-BR-|iype]-QUERY- radievhox". SW. winr. 
if there exists a radio-button B upon SW such that (the id of B = "croups ") then 
. call SET-RADIO-BOX-ID-PROC ("groups". "6-BR-l type l-QUERY -radio-box". SW. win), 
if there exists a radio-button B upon SW such that (the id of B = "subuniis-2") then 

call SET-RADIO-BOX-ID-PROC ("subuniis". "3-BR-|typel-QUERY-radio.box ". SW. wini: 
if there exists a radio-button B upon SW such thai (the id of B = "domains^") then 

cull SET-RADIO-BOX-ID-PROC ( domains". "4-BR-(type|-QUERY-radio-box". SW. win): 
if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 

call SET-RADIO-BOX-ID-PROC ("motifs". "5-BR-|type|-gUERY-radio-bax". SW. wini: 
if there exists a radio-button B upon SW such that (the id of B s "eroups-2") then 

call SET-RADIO-BOX-ID-PROC ("croups". "6-BR-(iype|-QU£RY-radio-rx>x". SW. win): 
rf there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

chance the text of die callback of de to ^ELZTE-QUERY-PANEL-CALLBACK' : 
show SW on win at the center of the screen: 
return: 



TABLE 131 



QUERY-GENERAL- STRUCTURE-CALLBACK (button: class button, win : class window, 
panel: class query -panel) 

md = call uii-create-messace-dialoe *"md". "Processinc \ ihe svmhol larce. 

win. 0,0): 

ETL. TX2 = call QUERY-GENERAL-STRUCTURE-PROC (panel, win): 

create a free-text FT2; 

chance die text of FT2 to TTX2]": 

conclude that the scmllnitle of ETL « TX2: 

conclude thai FT2 is THE TEST-ITEM-LIST-OF ETL: 

call CREATE-CEVERAL-gUERY-OUTPUT-P.ANEL-PROC (ETL. FT2. panel, win): 
delete md: 
return: 



TABLE 132 



QUERY-CENER.AL-STRUCTURE-PROC (panel: class query-panel, win : class window > = 
< class scroll -text-list, text ) 

PN » the name of panel: 

SW u the subworkspace of panel; 

if there exists a radio-button B upon SW such that (the id of B « "subunits") then 

typel. PSA * call FIND-SPECIFIC-ARRAY-PROC ("subunits". panel, win): 
if "there exists a radio-button B upon SW such that (the id of B « "subunits-2") then 

typc2. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC ("subunits-2\ panel, win): . 
if "there exists a radio-button B upon SW such thai (the id of B « "domains") then 

iype3. PDA = call FIND-SPECIRC-ARRAY-PROC ("domains", panel, win), 
if there exists a radio-button B upon SW such that (the id of B = "domaias-2") then 

type4. PDA-2 = call FIND-SPECIFIC-ARRAY-PROC ("domains-2". panel, win): 
if there exists a radio-button B upon SW such dial (the id of B = "motifs") then 

type*. PMA = call FIND-SPECIFIC-ARRAY-PROC ("mollis", panel, win): 
if there exists a radio-button B upon SW' such that (the id of B = "moufs-2") then 

type6. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC ("motifs-2". panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "croups" ) then 

type7. PGA = call FIND-SPECIFIC-ARRAY-PROC ("groups '\ panel, wini. 
if there exists a radio-button B upon SW such that (the id of B = croups-2") then 

typeX. PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ("croups-2". panel, win): 
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TABLE 132 com. 

it PSA exists then 
if PSA* 2 exists then 

if there exists a scroll -text- list ETL such that <the label of ETL = "I PN]-ty pe I -type2-ETL" ) then 
uo to final-routine 
else 

FTL. T\2 = call M ERG E-TVVO- STRUCTURE- LI STS-PROC (the symbol subuniL the symbol 
subunit. tvpel. rvpe2. PSA. PSA-2. panel, wiiu: 

else 

TX2 = capitalize-words ("proteins with structures defined in this module that contain (typel | ): 
for Tl = each symbol in PSA do 
insert Tl at the end of the text list ETL: 

else 

if PDA exists then 

if FDA-2 exists then t 
if there exists a scroll-lexl-list ETL such that line label of ETL = IPN)-type3-type4-ETL ) then 
co to final -rouune 

Ci ETL. TX2 = cull MERGETWO-STRUCTURELISTS-PROC rthc symbol domain, the symbol 
domain. type3. iype4. PDA. PDA-2. panel, win) 

else 

if PM A exists then . 
if there exists a scTPlMext-iist ETL such that (the label of ETL = "(PNl-rype3-rype>ETL I then 
go to final -routine 

C ETL. TX2 = cauMERGE-TxVO-STRUCTURE-LiSTS-PROC f the symbol domain/the symbol motif. 
tvpc3. ivpe5. PDA, PMA. panel. wim 

else 

if PGA exists then _ . 

if there exists a s*. roll -text-list ETl. such that (the label of ETL = *| PN| -type 3 -type /-FTl/Mhen 

no to final -routine 
else 

ETL. TX2 = call CM ERG E-TAVOSTRUCTURK-U STS-PROC 

tthe symbol domain, the symlvl croup. iype3. type?. PDA. PGA. panel, win) 

else 

TX2 = capitalize-words ( 'proteins with siructures defined in this module that contain liype3]"); 
for Tl = each symbol in PDA do 
insert Tl at the end of the text list ETL: 

else 

if PMA exists then 
if PMA -2 exists then 

if there exist* a c-scroll-text-list ETL such that tthe label of ETL * "IPNl-rN pe.^-tNpeft.ETi: ) Own 
50 to final-routine 
else 

ETL. TX2 = call MERGE -TW< >-STRUCTURK-LISTS-PROC (the symbol motif, the symbol motii. 
tvpe5. tvpe6. PMA. PMA-2. panel, win) 

else 

if PGA exists then _ 
if there exists a scroll-texi-list ETL such that tthe label of ETl. = "|PNl-typc5-type/-ETl.") then 
so to final -routine 

ETL. TX2 = call MERGE-TVV< )- STRUCTURE I J STS-PROC (the symbol motii. the symbol group. 

ivpo. tvpeT. PMA. PGA. panel, win) 

d« . .... 

TX2 = capitalize -wiirds ("proteins with structures defined in this nu*lule Uui contain ltyrv.^1 j: 

for Tl a each symbol in PMA do 

insert Tl at the end of the text list. ETL: 

else 

if PGA exists then 
if PGA-2 exists then 

if mere exists a xroll-texi-list ETl. such that Uhe label of ETl- = * I PN | -t y pe / * types -ETL ) then 
l'o to finaJ -rouune 

^ETL. TX2 = call MHRGE-TWf )• STRUCTURE- LI STS-PROC (the symbol group, the symbol group. 

type?, type*. PGA. PGA-2. panel, win) 

else ... , n» 

TX2 = capitalize- words ("proteins with structures defined in this module that contain |iype/| y. 

forTl = each symbol in PGA do 

insen Tl at the end of the text list ETL: 

return ETl ~TX2; 

final-routine: 
TX2 = the saolMiile of ETL: 
return ETL.TX2: 
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FIND-SPECIFIC-ARRAY-PROC <r-id: text, panel; class query-panel, win : class windowi = 
i symbol, class query-array i 
SW = the sub workspace of panel: 

rb-ki = call C-GET-UIL-RADIO-BOX-ID-PROC (r-iO, SW. win); 
i>pe = call uil-get-radio-box-value (panel, rb-idu 
array-name = sy rnboH " I type) -QUERY -AR RA Y" ) ; 

if the c -query-array named by array-name exists then QA = the e-query-;irray named by array-name 
else inform the operator thai "larray-name) docs not exist"; 
move OA uumiddie-x (QA) + 50. middle-y tQAn: 
return type. OA; 



TABLE 134 



MERGE-T\VC)-STRUCTURE-LISTS-PR()C (tael: symbol. tag2: symbol. i>pc4: symbol. 
type5: symbol. QAI : class query-array. QA2: class query-array, panel: class query-panel, 
win : class window) = (class scroll-text-lisu text) 
PN s the name of panel: 

if mere exists a c-scroll-text-lisi ETL such that (the label of ETL » "|PN]-Uype4Mtype5)-ETL ") then 
co to exit-routine 

else 

create a scroll-ioxi-lisi ETL; 

conclude that the label of ETL = "[PN|-|t>pe4|-(type51-ETL"; 
conclude that ETL is a-list-asstKiatcd-to-dlg panel; 
transfer ETL to ihe suhworkspace of safc-homc-for-lists at (50. -245 1; 
TX2 = ihe scroll-iiile of ETL; 
if the array-length of QA 1 = 0 then 
if the array-length of QA2 = 0 then 
if iypc5 = symbol ("no-ltac2)-selection"» and typc4 = symbol rno-[taglJ-selection ') then 
TX2 = capitalize-words ("no selection has been made") 
else 

if typc5 = symbol rno-|iag21-sclection'*) then 

TX2 = eapiialize-words ( "there are no structures defined in this module that contain |iype4]" i 
else 

if iype4 ss symbol ("no-( tag I J-selection ") then 

TX2 = capitalize-words ("there are no structures defined in this module that contain |type5P 
else 

TX2 = capitalize-words ("there are no structures defined in this module that contain fiypc41 or |iypc5]" >: 

else 

if typc4 = symbol ( "no-lug 1 1-seleetion" ) then 

TX2 = capitalize-words ( "proteins with suoictures defined in this module that contain |typc5p 1 
else 

TX2 = capitalize-words ("proteins with structures defined in this module that contain |iype5). None was 

found also containing (type4r>; 
tor T2 = each symbol in QA2 do 
insert "[T21" at the end of the text list ETL; 

else 

if the array-length of QA2 = 0 then 
if type5' = symbol ("no-ltac2|-selection") then 

TX2 = capitalize-words ( "proteins with structures defined in this module that contain |typc4p 
else 

TX2 = capitalize-words ("proteins with structures defined in this module that contain |typc4|. None was 

found also containing |iype5D; 
for Ti = each symbol in QA 1 do 
insert IT! ]" at the end of the text list ETL; 

else 

TX2 » capualize-words ("proteins with structures defined in this module that contain |type4| and liype.T'* 
for Tl = each symbol in QA 1 do 
for T2 = each symbol in QA2 do 
if Tl =T2 then 

insert "(Tl 1" at the end of die text list ETL: 
return ETL. TX2; 
exit-routine: 
TX2 s the scroll-title of ETL: 
return ETL. TX2: 



WO 96/22575 



PCTAJS96/00883 



TABLE 135 



CREATE-GENERAL-QUERY-OUTPUT-PANEL-PRCJC (ETL: class seroll-texi-lisi. FT: class free-text, 
die: class query-panel, win : class window* = (class query-panel) 

if there exists a querv-panel panel such that (the text of the id of panel = 
"|ihc label of ETLl-QUERY-OUTPUT-PANEl/') Own 
so 10 ftnal-rouiine 

ClS creaie a query-panel panel by cloning MASTER-MOLECULAR-QUERY-OUTPUT-PANEL: 
minster panel lo the subworkspace of UIL-dialog-bin at (0.0): 

label of ETL]-QUERY-( >UTPUT-PANEL": 

transfer FT to SW at *0. 90): 

make panel permanent: , 

sa = call crcate-scrolkirca-from-list Cquery-eeneral-scroll . 5. ETL): 

conclude thai the allow-uaselcet-on-selectcd-message of sa is true: 

conclude that the allow-multiple-simulLineous-selections of sa is true; 

call add-obj-to-dialoe (panel, sa. 0.-30); . .. 

change the text of the*uil-mess:igc-selecuon-meihixJ ot sa to "query-message-selection : 

chance die text of the uil-message-unselection-method of sa to query-messagc-unselection : 

chance die text of the ordcrihg-fnethod of sa to "alphabetic": 

vie = call creaie-pushbution Cde\ die symbol DELETE-QUERY-PANEL-CALLBACK. 

"DELETED panel. 0. -145): 
go to final-routine: 
filiai-routinc : 

chance die si/e of the subworkspace of panel to minimum: . 
show the subworkspace of die wiUi its top right corner 40 units below the top right comer ot the screen: 
show the subworkspace of panel on win with its center 300 units to the left of the center of the screen, 
return panel: 



TABLE 136 

QUERY-MESS AG <M (): message-object. SA: class scroll-area. 

win: class window) 

BON = symbol <the text of MO); 

BO = the bio-objeei named by BON. 

chance the size of the subworkspace of BO to minimum: 

show the subworkspace of BO on win with its center 300 units to the 
right of the center of the screen : 

(7uERY-MESs"aGE-^ <MO: class mts.sacc-ob.icci. SA: class scroll-area, 

win: class window) 
B( )N = svmbol ( the text of M( >>. 

hide die subworkspace of the bio-object named by BON on win: 



TABLE 137 

i 



DELET^QUERY-PANEL-CALLBACK (button: class button, win : class window, panel: class diali 

SW = the subworkspace of DIALOG-BIN: _ mtx 

md = call creaie-message-dialog Cmd\ the symbol DELETE-MD-CALLBACK. Processing 

die svmbol extra-large, win. 0. 0); 
if there exists a scroll-text-list thru is a-list-assiKiated-lo-dlg panel then 
lor L = each scroll-text-lisl dial is a-list-associated-uvdlg panel do 
delete L: 
call delete-dialog (panel); 

if there exists a message-dialog ME upon SW then 
lor md = each message-dialog upon SW do 

delete md: _ 
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an user-menu-ehoicc 

Label query-panels 
Applicable class biorescrvoir 
Condition the subworkspacc of the item exists 

Action stan CREATE-BR-RELATEf)-SELECTION-PANEL-CALLBACK (the item, this window » 



an user-menu-choice 

Label show 
Applicable class query-tracer 
Condition none 

Action start CREATE-BR-RELATED-SELECTION-PANEL-CALLBACK (the biorescrvoir 

superior to the workspace of the item, this window) 



CREATE-BR-RELATED-SELECTION-PANEL-CALLBACK (BR: class bioresenoir. win: class window* 
if not (there exists a bioresenoir DBR such that <DBR is a-downsveam-biorcseirvoir-of BR or DBR is an- 
upstream- 

bioreservoir-of BR)) then go to exit-routine 
else 

create a message-dialog md. set the text of the message upon the SW of md to "Processing 

and show die SW of md on the current window: " 
pane! = call uil-clone-grobj ( MASTER-BR-M( )LECUL AR-QUER Y-PANEL ) : 
SW s the subworkspacc of panel: 
create a rxirdcrless-rrec-text FT : 
change die text of FT to "[the name of BR]": 
transfer FT to SW at (60. 1 15): 
make panel permanent: 

call SET-RADIO-BOX-ID-PROC Chr-panel". "BR-RELATED-QUERY-PANEL-radio-box . SW. wmi: 
if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

chance the text of the callback of de to * DELETC-QUERY-PANEL-CALLB ACK": 
show the SW of panel on win at (0. 0): 
change die text of the related-item of panel to "[die name of BR|": 
delete md: 
return: 
exit-routine: 

create a message-dialog md. set the text of the message upon the SW of md to "There is no downstream 

biorescrvoir of |dw name of BRI". the symbol extra-large k 
return: 

TABLE 13^ 



SELECT-BR-RELATEIM^UERY-PANEL-CALLBACK (button: class button, win : class window. 

dig: class query -panel) 

B RN: symbol = die related-item of dig: 

SW; class kb-workspace - die subworkspacc of dig: 

create a message-dialog md. set die text of the message upon the SW of md to "Processing and 

show die SW of md on the current window at (0. 0): 
rb-id = call GET-RADIO-BOX-IU-PROC Thr-panel". SW. win): 
type « call gei-radio-box -value (dig. rb-id): 
caseuvpeJof 

function: MP « MASTER-BR-FUNCTION-QUERY-PANEL: 
function-subuniis: MP = M ASTER-BR-FUNCTION-SUBUN1T-QUERY-PANEL: 
function-domains: MP = MASTER-BR-FUNCTK )N-D< )MAIN-QUER Y-PANEL: 
funcuon-moufs: MP = MASTER-BR-FUNCnON-MOTlF-QUERY-P.ANEL: 
l unction-croups: MP = MASTER-BR-FUNXTK)N-GROUP-<JUER Y-PANEL: 
luncuon-domains-nKHifs: MP = MASTER-BR-FUNCTION-D()MAiN-M(rnF-gUERY-P.ANEL: 
function-locauon: MP - M ASTER-BR-FUNCTK )N-L( )CATK >N-QUERY-PANEL: 
funcuon-Uxrauon-subunits: MP = MASTER-BR-FUNCT1<)N-L0CAT10N-SUBUN1T-QUER Y-PANEL. 
funcuon-location-domains: MP * MASTER-BR-FUNCm()N-L()CATl(}N-l-KJMAlN-OUERY-P.^NEL. 
fuiKtion-locauon-moufs: MP = MASTER-BR-FUNCTK )N-LOCATI( )N-M( HIF-QUER Y-PANEL: 
lunction-location-eroups: MP = MASTER-BR-FUNCTK )N-L( )CATI( >N-CR< HJP-QUER Y-PANEL: 
iunction-lixation-dornaias-moiifs: MP = MASTER-BR-FUNCTI(JN-LOCATIUN-LK)MAlN-MC)TlF- 
QUERY-PANEL: 

panel = c;dl clone-grobj ( MP): 

chance the text of the related-item of panel to "IBRNf : 

call SET-BR-RELATED-OUERY-PANEL-PROC (type, panel, win): 

show the subworkspacc of dig with its bottom right comer at die bottom right comer of die screen: 
aiiow the subworkspacc of panel at the center of the screen: 
delete md 
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SKt"dk"^ "VP-" *> mM - P»» wl: ciaS!t quer> -panel, win : class window i 

CRN; <vmM » the relaicd-item of panel: 

SW: class kh-workspaee = the subworkspace ot panel: 

create a borderless-free -texi FT and change the text of FT to "|BRN|" and transter FT to SW at (175. 1 Kh: 
make panel permanent: . „ . 

if there exists a radio-button B upon SW such that (the id ol B = location ) then 

call SET-RADIO-BOX-ID-PROC ( "location". "0-BR-|iype|-yUERY-radio-bo\ . SW. wtnr. 
if there exists a radio-button B upon SW" such that (the id of B = "direction") then 

call SET-RADIO-BOX-ID-PROC ("direction". " 1-BR-[iype|-QUERY. radio-bos . SW. win): 
ii there exists a radio-button B upon SW such that ( the id of B = "tunction") tfrcn 

call C SFT-RADIO-BOX-ID-PROC ("function". ^BR-|typel-QUERY-Tadio-bo\\ SW. wm»: 
if there exists a radio-button B upon SW such that (the id of B = "suhuniu") then 

call SET-RADIO-BOX-ID-PROC ("suhunits ". "3-BR-Ii>Te|-QUERY-raUkvbox ". SW. wm»: 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

call SET-RADIO-BOX-ID-PROC ("domains *. ~4-BR-ltypc|-yUERY-adio-box\ SW. win): 
if there exists a radio-button B upon SW such thai (the id of B * "motifs") then 

call SET-RADIO-BOX-ID-PROC ( motifs'. "5-BR-|type|-QUER^ -radio-box". SW. wini: 
if there exists a radio-button B upon SW such that ( the id of B = "croups") then 

call SET-RADIO-BOX-ID-PROC ("croup*". "6.BR-|iype|-QUER^ -radio-box . SW. win): 
it there exists a text -pushbutton de upon SW such that (the id of de = "de ) »twn 

change the text of the callback of de io "DELETE -QUERY- PANEL-CALLBACK : 
show pjncl on win at (0. 0): 

return: 



TABLE Ul 

I X ) WN STR KA M -QU ER Y -1 .1 STS -C A LI .B AC K (button: class button, win : cla-i window, panel: class quei> -panel » 
BR: class bioicservotr = Uw biorescrvotr named by lite related-item of panel: 

create a nwssuee-dialo* md. set the text of the message upon the SW ol md to "Processini: and 

show the SW of md\>n the current window: 
call DOWNSTREAM-FUNCnoN-QUERY-LISTS-PROC (BR. panel, win): 

delete nul: 
return 



TABLE 142 



DOWNSTREAM-KUNCTlON-yUKRY-LISTS-PROC (BR: class hioreservoir. panel: class c -query- panel, win : class window i 
BRN: svmbot = the name of BR: 

DA PL = cull CREATE-BR-QUER Y-l ,IST-PR< X % ( "DA PL", panel, win): 
DAPBRL = call CREATE-BR-QUERYLIST-PROC ("DAPBRL". panel.winr. 
DEFL = call CREATE-BR-yUERY-IJST PROC ("DEFL". panel, win): 
DEFBRL = call CREATE-BR-QUF.R Y-LIST-PRl >C ( "DEFBRL". pancl.wm): 




DPPL = call CREATK BR-QUERY LIST-PROC ("DPPL". panel, wmj; 
DPPBRL = call CRF.ATE-BR-UUERY-1 JST-PROC ("DPPBRL". panel.wmi. 
DTFL = call eREATE-BR-yUERY-LIST-PR(K* ("DTFL* . panel, winr. 
DTFBRI. = callCREATE-BR-gUERY LIST-PROC ("DTFBRL". panel, win): 
IXH. = callCREATE-BR-WERY-LIST-PROC ("DCL". panel, win;. 
DC.BRI. = call C-CREATE-BR-yUERY-LIST-PROC ("DC.BRL". panel, win. 

forDBR = eachbioresenou-Uwtisa-vkAvnstream-biiHeservoir-olBRik' , t . lx , tmul 

n the bioniH)! upon the subworkspace of DBR exists then insert "|ihe name ol DBR | at the end ol the leu U-t DAI BKL: 
Pi ) = the biopool upon the subworkspace of DBR: 
if there exists a bioreactant connected to PO then 
for R s each bioreactant connected to PO do 
if R is a extracclMicand.r or R is a cxtracell-antaeonisi.r or R is a heand.r or R is a antaeomsi.r then 

insert "|the name of DBR]" at the end of the text list DEFBRL: lu , onm 
if R is a cell-receptorr or R is a receptor .r then insert "(the name ol DBR| at the end ol the text list IX.K13KL: 
if R is a proi.kinase.r then insert "|ihe name of DBR|" at the end of the text list DPKBRL. 
if R is a prot-phosphaiase.r then insert "|ibc name of DBR 1" at the end ol the text list DPraRL: 
il r is a transcTipiion-factor.r then insert "|the name of DBRJ" at the end ol the text list DTFBRL: 
if R is a ecne.r Uien insert "jthe name ol DBR I" at the end of the text list IX 'BRL: 
(if R is a mRNA.r ihen insert |lhe name of DBR|" * the end ot the text list DMRBRL:' 
call Fl LL- BR. FT- UST-PROC (DAPBRL. DAPL. panel, wini: 
call HLI.-BR.ET.LIST-PR<k: (DEFBRL. DEFL. panel, winr. 
call FILL BR.ET-LIST-PROC (DCRBRL DCRL. panel, wini: 
,all FILL-BR.ET-L1ST-PROC (DPKJJRL. DPKL. panel, wmn 
call F1U.-OR.KT-UST.PROC (DPPBRL. DPPL. panel. wim: 
.ail F1LL-BR.KTUST-PROC (DTFBRL. DTFI - panel, wmi: 
call F1LL-BR.ET-UST-PROC ifXiBRL. DCL. panel, wmi: 
ictuni 
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TABLE 143 



CREATE-BR-QUERY-LIST-PROC flbl: tcxi. panel: class query-panel, win: class window) = (class scroll-texi-lisu 
PN: symbol » the name of panel: 
BRN: symbol « symbol fine relaied-item of panel): 
if BRN is not none then 
if noi (there exists a scroll-texi-list L such lhai (the label of L« "[PNMibl]-|BRN| M » ihen 
create a scroll-text- list L: 

conclude that the label of L * "(PNMlblMBRNp. 
transfer L to I Ik sub workspace of safe-home-for-lists at f- 105. 25): 
conclude that L is a-lisi-associated-to-dlg panel:} 
return L: 
else 
return L 



TABLE 144 



F1LL-BR.ET-LIST-PROC fBRL: class scroll-texi-list. L: class scroll-text-list. panel: class query-panel, win : class 
window* 

move BRL lot 135. 10): 
if the number of elements in BRL >= 0 then 
for T a each text in BRL do 
BRN «= symbol fT): 
BR e the hiorcservoir named by BRN. 
if tlw-ref-hioentiiy of BR has a current value -then 
EN ■ the bioeiiiiiy named by the rcf-hioentiiy of BR: 
insert "(the name of EN]" at the end of the text list L: 
return 



TABLE 145 

yUER Y-BR-RELATED-CALLBACK (button: class button, win : class window, panel: class query-panel i 
BRN: symbol ■ symbol tine related-item of panel): 
PN: symbol « the name of panel: 
SW: class kb- workspace » the subworkspace of panel: 
if not tihere exists a scroll-text-lisi L such thai (the label of L * "lPN]-DPKL-[BRNr or 
me label of L = |PNI-UPKL-|BRNi: )) then 
create a message-dialog md. set tlve text of lite message upon the SW of md to "Required information is not available. 
Click on LXnviistreamor Upstream and try to query again" and show ihe SW of md on the current window ai tO. <)): 

else 

create a message-dialog md. set the text of the message upon the SW of md to "Processing " and 

show die SW of mid on the current window at tO. 0): 
rb-id(> = call GET-RADIO-BOX-1D-PROC rdirection". SW, win): 
type<)a call cet-radio-hox-value i panel. rb-idO): 

ii" there exists a radio-button B upon SW such that (the id of B » "function") then 
tb-id2 » call GET-RAl)K)-B< >X-II>-PR(>C f "function". SW. win): 
tvpc2 « call ect-radio-box- value (panel. rb-ki2): 

EL FBRL .call GET-BR -FUNCTION- LIST- PRC )C (typeO. type2. panel, win): 
if FBRL exists then 
create a panel-text FT I: 

TX1 « capitalize- words TbioReservoirs liypcO) of (BRN| that contain |type2]"): 
chance the lext of FT1 toTX 1: 
create a panel-text FT2: 
if FL exists then 

if not (there exists a radiivhution B upon SW such that t the id of B ■ "subuniis* or the id of B « "domains' or 
the id of B « "motifs" or the id of B » "groups")) then 
if there exists a scroll-text-list EL such that (the label of EL « "|PNl-|t\pe01-liype2|-ETL") then 

ETL-KL 
else 

create a c-scroll-text-list ETL: 

coiKlude that the label of ETL = "IPNl-|t\peOHi>T*2|-ETL": 

coiwtude that ETL is a-lisi-associated-to-dlg panel: 

transfer ETL to Hie subworkspace of sate-home- for* lists at < 50.-245): 

TX2 « capitalize- words t "ltype2 1 with structures defined in this module that are [iype0| of | BRNp. 
for Tl * each text in FL do 
insert T 1 at the end of the text list ETL: 

else 

ETL. TX2 » call QUERY-BR-STRUCTURE-LISTS-PROC ttype<). tync2. FL. panel, win): 
chance the text of FT2 to "|TX2|": 

call CREATE-IX>UBLE.QUERY-OUTPLT-PANEL-PROC (FBRL. ETL FTl. FT2. panel, win): 

delete md: 

return 
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TABLE 146 



GET-BR-FUNCTION-LIST-PROC (type* symbol. type 3: symbol, panel: 

class query-panel, win : class window) = (class scroll-icxi-lisi. class scroll-iexi-list> 

PN: svmbol = the name of panel: 
BRN:" symbol = the related-item of panel: 
if type2 is downstream ihen 
casc<type3) of 
extracellular-factors: 

lbl = "|PN|-DEFL-|BRN|": 

lblbr = "[PN]-DEFBRL-|BRN1": 
cell-rcccpiors: 

lbl = "lPN]-DCRL-|BRNr: 

lblbr = "|PN]-DCRBRL-|BRN]": 
nroiein-kinases: 

Ibl = "|PN1-DPKL-|BRN1" • 

lblbr = "fPN]-DPKBRL-[BRNr: 
protc in-phosphaiase s: 

lbl = "lPN|-DPPL-{BRNl": 

lblbr = "|PN]-DPPBRL-lBRNr: 
transcription-factors: 

Ih| s -[PN1-DTFL-|BRNT: 

lblbr = "IPN|-DTFBRL-|BRN]": 
ccnes: 

* lbl = "[PN|-DGL-|BRNl": 

lblbr = "[PNJ-DGBRL-lBRNr: 
anv-protein: 
'lbl = "lPNl-DAPL-|BRN]": 
lblbr = "[PN )-DAPB RL-| BRN ]": 
no-funciion-sclection: 
Ibl = "IPNl-DNMBRNl": 
lblbr = "IPN1-DNBRL-IBRN]": else 
if iypc2 is upstream then 
cascuypc3)of 
extracellular-factors: 

lbl = "lPN|-UEFL-lBRNr: 
lblbr = "(PN1-UEFBRL-I BRN |": 
cell-receptors: 

lbl = "|PNl-UCRL-|BRNr: 
lblbr = "IPNl-UCRBRL-IBRNl": 
nrotein-kinases: 

lbl = "lPN|-UPKL-[BRNr. 
lblbr = "[PNJ-UPKBRL-I BRN]"- 
proicin-phosphatascs: 

lbl = "IPNl-UPPL-|BRN|": 
lblbr = "IPNl-UPPBRL-lBRNl": 
transcription-factors: 

Ibl = "{PN]-UTFL-[BRN1" . 
lblbr = "IPNFUTFBRL-IBRN]": 
senes: 

* lbl = "IPNl-UGL-|BRNl": 

lblbr = "(PN1-UGBRL-IBRN1": 
anv-protein: 

'lhl = "[PNl-UAPL-(BRNr. 

lblbr = "IPN1-UAPBRL-IBRN1". 
no-function-selecuon: 

lhl='[PNl-UNL-|BRNr. 

lblbr = "|PN)-UNBRL-|BRNr. , u , fC1 „. lk 

if there exists a c-scroll-tcxr-list FL such that (the label of FL = Ibl t then 

if there cxiswa c-scroll-text-list FBRL such that line label of FBRL = lblbr) then 

moveFLto<-30.-2SO>: 
return FL. FBRL. 
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TABLE 147 

QUERY-BR-STRUCTURE-LISTS-PROC (typeO: symbol tyne2: symbol FL: class scroll-text-list. 
panel: class query-panel win : class window )« (class scroll -lexi- list, text) 

PN: symbol * the name of panel: 

SW: class kb-worfcspace « ihe subworkspace of panel; 

if there exisLs a radio-button B upon SW such that < the id of B ■ "suhuniis") then 

iype3. PSA « call FIND- SPECIFIC- ARRAY- PR OC <"subuniis\ panel win); 
if there exists a radio-button B upon SW such that (the id of B « "suhunits-2") then 

type4. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC Csubunits-2". panel win); 
if there exists a radio-button B upon SW such that (the id of B » "domains") then 

typel PDA o call FIND-SPECIFIC-ARRAY-PROC ( "domains \ panel win): 
if there exists, a radio-button B upon SW such that (the id of B = "domains-2") (hen 

tyr*6. PDA-2 o call FIND-SPECIFIC-ARRAY-PROC ("domains-2". panel win): 
if there exists a radio-button B upon SW such that (the id of B = "motifs") then 

type7. PMA « call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel win): 
if there exists a radio-button B upon SW such that (the id of B * "motifs-2") then 

typeS. PMA-2 » call FIND-SPECIFIC-ARRAY-PROC ("moiifs-2". panel win): 
if there exists a radio-button B upon SW such that (the id of B * "croups") then 

type9. PGA « call FIND-SPECIFIC-ARRAY-PROC ("groups", panel win): 
if there exists a radio-button B upon SW such that (the id of B » "croups- 2") then 

type 10. PGA-2 - call FIND-SPECIFIC-ARRAY-PROC ("groups-2". panel win): 
if PSA exists then 
if PSA-2 exists then 

if there exists a scroll-sext-iisi ETL such thai (the label of ETL»lPN]-[t\peOMiype-Mi^ liwn 
so to final-routine 
else 

ETL. TX2 = call MERGE-BR-FL T NCTK)N-STRUCTURE-STRUCTURE-PROC (the symbol subumt. 
the symbol subunit. typeO. iype2. iypc3. type4. FL PSA. PSA-2. panel win): 

else 

if there exists a c-scroll-iext-list ETL such that uhc label of ETL * "| PNJ-liype<)|-[type2)-|iype3]-ETL") then 
co to final-routine 
else 

ETL TX2 « call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol subunit. t>pe0. i\pc2. type3. 
FL PSA. panel wim: 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a c-scroll-iext-lisi ETL such that (the label of ETL = "|PNI-[type0|-|t\pe2|-[t\pe5]-|t%pe61-ETL") 

then 

go to final-routine 
else 

ETL TX2 » call MERGE-BR-FXTNCTION-STRUCTURE STRUCTURE-PROC (the symbol domain, 
the symbol domain. typeO. t\pe2. typc.V typc6. FL PDA. PDA-2. panel, win) 

else 

if PMA exists I lien 

if there exists a c-scro II- text- list ETL such that (the label of ETL « "|PN|-|type5|-|type7|-ETL") then 
co to final-routine 
else 

ETL TX2 * call MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the symbol domain, 
the svmbol nx>tif. tvpe<>. I\pc2. ivpe5. tvpe7. FL PDA. PMA. panel wint 

else 

if PGA exists then 

if then? exists a scroll-text-list ETL such that (the label of ETL ■ "(PN|-|typeOHtypc2]-[type5|-|t>pe91-ETL* ) Uwn 
co to final-routine 
efse 

ETL TX2 = call MERGE -BR- FUNCTION- STRUCTURE-STRUCTURE-PROC (the svmbol domain, 
the symbol group. typeO. i\pe2. typeS. type9. FL. PDA. PGA. paiKl win) 

else 

if there exists a c-scTull-text-lisi ETL such that (the label of ETL = "|PNHt>pcO|-lt>-pe2]-[type51-ETL") then 
tio to final-routine 
else 

ETL TX2 » call MERGE- BR-FUNCTION-STRUCTURE-PROC (the symbol domain. typeU type2. type.v 
FL. PDA. panel wini: 

else 

if PMA exists then 
if PMA-2 exists then 

if thew exists a scroll-text-list ETL such that (the label of ETL « "I PN M typeO H t>pc2 |-f iypc7J- 1 typcS |- KTL "Mhcn 
w to final-routine 
else 

ETL TX2 « call MERGE-BR -FUNCTION-STRUCTURF-STRUCTURH-PROC tthe symbol motif, 
the symbol motif, type*). t\po2. iypc7. tyneS. FL PMA. PMA-2. panel win) 
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TABLE 147 com. 

el! if there exists a scroll-text-list ETL such thai (the label of ETL = ■1PN|-|iypc01-Itype2|-|iype71-ETl-") then 
go to final-routine 
else 

U !nitcw cxUisaVcToll-icxi-lisi ETL such that (the label of ETL = ^PNl-ltypeOI-ln^l-lix^l-liypcyi-im;*) then 
go to final-routine 
else 

ETL. TX2 * cull MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PRtX: (the symbol motif, 
the svmbol group. ivpeO. type2. type?. typc9. Fl.. PMA. PGA. panel, win) 

else 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PN|-ltypeO|-lr>pe21-ETL") then 
go to final-routine 

else , . . 

ETL. TX2 = call M ERGE -B R - FUNCTION -STR UCTU RE • PROC (the symbol motit. ivpcO. type2. type/, 
FL. PMA. panel, win): 

else 

if PGA exists then 

11 iniwrecxSra saolUcxt-lisi ETI. such that (the label of ETL = 'lPMMiy|^Hi>*!H^]-|i>-pe^]-liyptf 101-ETI-"-| then 
go to final -routine 

e *ETL. TX2 = call MERGE.BR-FUNCT1()N.STRUCTURE-STRUCTURE-PRC)C fUic .symbol group, 
the symbol .croup. typeO. typc2. typey. typelO. FL. PGA. PGA-2. panel, win) 

else 

'if there exists a scroll-iexi-list ETI. such that (the label of ETL r "|PNl-liypd)|-lr>pe2|*|type9|.ETL" > then 
go to final -routine 
else 

ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol croup. typoO. iype2. typeV. 
FL. PGA. panel, win): 
return ETL TX2: 
final -routine: 
return ETI- TX2; 



TABLE I4R 



MERGE-BR-FUNCTION-STRUCTL'RE-PRl >C ( lag I : symbol. typeO: symbol. typc2: symbol. typc.V. symbol. 
FL: class scroll-iexi-list. QA: class query-array, panel: class query -panel, win class window i = 
(class scroll-lexi-lisL text J 

PN: symbol s the name of panel: 

BRN: svmbol = the related- item of panel: ,. t 

if there exists a scroll -text -list ETI. such that (the label of ETL = * |PNl-|iyrv<J|-[»>'pe2]-|tyrH.0]-KTl. » then 

go to exit-routine 
else 

create a scroll-iexi-list ETI.: 

conclude that the label of ETI- = "| PNMiypuCiMiyptf2Miype31-ETL' : 
conclude that ETL is a-lisi-a>sociated-to-dlg panel, 
transfer ETI. to the subworkspace of sal e-home-lor- lists at (50. -245): 
TX2 s the scroll-title of ETL: 

if the number o! elements in R.sO then . IDt)Wr 
TX2 = capitalize-words ("There are no structures defined in this module of |type2] that are |rypei>| ot I BKiN | i 

call BRFILL-ETL-L1ST-PROC <FL. QA. ETL. panel, win): 
if the number ol elements in ETL >=0 then , 

TX2 a capitalize-words ( |iype2| that are |type0| of |BRN| and contain (type*! r. 
else 

if the number of elements in ETL = 0 then 
if r\pe3 = svmb^il("iKv|tagl|-selection'*)then .._.„.. 

TX2 = capitalize-words C [type2 1 with structures defined in this module that are UypeO] ol IBKM » 
else 

TX2 = capitalize- words Clt\ pe2] with structures defined in this module that are IrypeOl of |BKN|. None 
of those contain |type3]"t. 
for Tl = each text in FL do 
insert Tl at the end of the text list ETL: 
return ETL. TX2: 
exit-routine: 
TX2 = the scroll- title of ETL: 
return ETL. TX2. 
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TABLE 149 

MERGE-BR-FUNCTKJN-STRUCTURE-STRUCTURE-PR(XT (tael: symbol. tac2: symbol. ivpcO: symbol, type2: 

symbol. iypc4: symbol. iype5: symbol. FL: class scroll-texi-lisu UQA: class query-array. MQA: class query-array. 

panel: class query -panel, win : class window) = (class scroll-text-list. text) 

PN: svmbol = the name of panel: 

BRN:'svmbol - svmbol (the related-item of panel); 

if there exists a scroll-iexi-lisi ETL such that (the label of ETL = "|PN]-Uypo01-|iype2]-(type41-[type5|-ETL") Uien 

eo to exit-routine 
else 

create a scroll -text-list ETL: 

conclude that the label of ETL = w [PNMMiypeO|-|i>pe2|-[type41-ltype5|-ETL'': 

conclude that ETL is a-list-associaied-to-dle panel: 

transfer ETL to the subworkspace of safe-home-for-lists at (50. -245): 

TX2 s the saoll-tiile of ETL: 

if the number of elements in FL = 0 Own 

TX2 » eapitalize-words ("There are no structures defined in this module of |iype2) that are UypeO] of [BRNp * 
else 

if the arrav-lencth of DQA = 0 then 
if the anray-leneth of MQA » 0 then 
if tvpcS symbol ("m>-ltatf2]-selection") then 
TX2 = capitalize-wonJs r itype21 with structures defined in tins module that are UypeO) of |BRN|. 
None of those contain hype4p 

else 

ii iype4 = symbol i "mviiagli-seieciu-)ir) then 
fX2 « capiiaiizc-woalsl w (type2| with structures defined in this module that arc |typeO| of |BRN| 
None of those comain |tvpe5P 

else 

if type> « symbol ( "no-ltac2|-scleciion") and type4 = symbol ("no-ltacl l-selection") then 

TX2 = capiialtzc-wivds riiype2| with structures defined in this module that are | typed) of |BRN|" > 
else 

TX2 = eapitalize-words r(type2] with structures defined in this module thai are ItypeO) of |BRN|. 
None of those contain |typc4| tv [iype5p: 
lor Tl a each text in FL do 
insert Tl at the end of the text list ETL: 

else 

if type4 = symbol ("no-|tacl |-seleciion") then 

TX2 = capitalize-uords i"|iype2| with structures defined in this module that are |typcO| of |BRN| and 
contain UypeSP 

else 

TX2 s eapitalize-words ( "I type 2 1 with structures defined in this module that are |type()| of | BRN| aixt 
contain |ivpc5 1- None of "those contain |tvpc4p: 
call BR-FILL-ETL-LIST-PR< XT ( FL. My A. ETL. panel, win): 

else 

if the anay-lencth of M y A = 0 then 
if typc5 = symbol i"iuHtatr2|-seieciion") then 

TX2 = capitalize-words <"|t\pe2| with structures defined n this module that are hypcO) oi |BRN| and 
contain |tvpe4p 

else 

TX2 « capitalize- words r|type21 with structures defined in this module thai are |iypeO| of |BRN| ;md 

contain |tvpc4|. None of those contain |tvpe5p: 
call BR-FILL^ETL-LIST-PROOFL DyA. ETL. panel, wim: 
else 

TX2 = eapitalize-words ritype2] with structures defined in this module that are |typeO| of |BRN1 and 
contain |tvpe4| and |type5p: 
call BR FILL-D< )UBLE-ETL-L1ST-PR< >C (FL. DyA. MyA. ETL panel, win): 
return ETL TX2. 
exit-rouune: 

7X2 = the scroll-tide of ETL: 
return ETL. TX2: 



TABLE 150 



BR-F1LL-ETL-LIST-PROC (FL: class scroll-texi-list. yA: class query -array. ETL: class scroll-texi-list. panel: cla%> 
quen* -panel, win : class window) 
if the number of elements in FL >* 0 and the array-length of yA >* 0 then 
lor T = each text in FL do 
for AE =s each svmbol in yA do 
if T = "| AEr inen insert T at the end of the text list ETL: 
return 



WO 96/22575 



TABLE 153 



PCT/US96/00883 



mWNSTREAM-FUNCTION-L(X:ATION-CALLBACK (buuon: class bulton.win: class window, 
panel: class query-panel > 
BR = die bioreservoir named by die ivlaied-iiem of panel: 

create a message-dialog md. set die texi of die message upon the SW of md to "Processing 

and show die SW ot md on die current window; 
call DOWNSTREAM-FUNX7TK)N-QUERY-LISTS-PROC(BR. panel, win); 
call D(>\VNSTREAM-L()CATION-QUERY-LISTS-PR(3C(BR. panel, win); 
delete md: 
return; 



TABLE 154 



DOWNSTREAM-L(XTATION-QUERY-LlSTS-PROC (BR: class bioreservoir. panel: class quer> -panel, 
win : class window*) 
BRN = Uiename ot BR: 

DACL = call CREATE-BR-QUERY-LIST-PROC < W DACL\ panel, win); 
DACBRL = call CREATE-BR-QUERY-LIST-PROC CDACBRL*. panel, win). 
DECL = call CREATE-BR-QUERY-LIST-PROC rDECL". panel, win): 
DECBRL = call CREATE-BR-QUERY-LIST-PROC ("DECBRL". panel. win): 
DCML = call CREATE-BR-QUERY-LIST-PROC ("DCML". panel, win): 
DCMBRL = call CREATE-BR-QUERY-LIST-PROC f DCMBRL". paneLwim: 
DCYL = call CREATE-BR-QUERY-LIST-PROC ("DCYL". panel, win); 
DCYBRL = call CREATE-BR-QUERY-LIST-PROC ("DCYBRL". panel. win): 
DNUL = call CREATE-BR-QUERY-LIST-PROC ("DNUL". panel, win): 
DNUBRL = call CREATE-BR-QUERY-LIST-PROC ("DNUBRL". panel. wini: 
DERL = call CREATE-BR-QUERY-LIST-PROC ("DERL". panel, win): 
DERBRL = call CREATE-BR-QUERY-LIST-PROC ("DERBRL". pancLwin): 
DGOL = call CREATE-BR-QUERY-LIST-PROC ("DGOL". panel, win): 
DGOBRL = call CREATE-BR-QUERY-LIST-PROC ("DGOBRL". panel.* in >: 
DENL = call CREATE-BR-QUERY-LIST-PROC ("DENL". panel, win); 
DENBRL = call CREATE-BR-QUERY-LIST-PROC ("DENBRL". pancLwin); 
lor DBR a each bioreservoir that is a-downstream-bioreservoir-of BR do 
insert M Ithe name of DBR]" Jit die end ol die text list DACBRL 

if DBR is a ext-sol-mol-reservoir dien insert "|Ute name of DBR]" at die end of die icxt list DECBRL else 
CL = call C-FIND-COMPARTMENT-PROC (DBR. panel, win): 

if CL = the symbol cell-membrane then insert "|Uic name of DBR|" at the end of the text list DCMBRL else 
if CL = the symbol cytosol Uien insert "(die mime of DBR]" at die end of Uie text list DCYBRL else 
if CL = Uie symbol nucleus dien insert "line name of DBR|" at die end of Uie text list DNUBRL else 
if CL = die symbol e -reticulum dien insert "|the name of DBRf at the end of die text lisi DERBRL else 
if CL = the symbol golgi then insert "(die name of DBR)" at the end of the text list DGOBRL else 
if CL = die svmhol endosomes Uien insert "| die name of DBR)" at die end of die text list DENBRL: 

call FILL-BR.ET-LIST-PROC (DACBRL. DACL. panel, win); 

call FILL-BR.ET-LIST-PROC (DECBRL. DECL. panel, win); 

call FILL-BR.ET-LIST-PROC (DCMBRL. DCML. panel, win); 

call FILL-BR.ET-LIST-PROC (DCYBRL. DCYL. panel, win): 

call FILL-BR.ET-LIST-PROC (DNUBRL. DNUL panel, win): 

call FILL-BR.ET-LIST-PROC (DERBRL. DERL. panel, win); 

call FILL-BR.ET-LIST-PROC (DGOBRL. DGOL. panel, win); 

call FILL-BR.ET-LIST-PROC (DENBRL. DENL. panel, wini. 

return: 
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F1ND-COMPARTMENT-PROC (BR: class bioreservoir. panel: class query-panel, win : class window) = (symbol » 
RH = die bioresen oir-bin superior to die workspace of BR: 
BMI = Uie hiomodcl superior to the workspace of RH; 
if BM I is a cell-compartment Uien CO = BMI else 
BM2 = Uie biomiHlel superior to die workspace of BM I : 
if BM2 is acell-eompanmem then CO = BM2 else 
BM3 = die hiomodcl superior to the workspace of BM2; 
if BM? is a cell-compartment dien CO « BM? else 
BM4 s Uie hiomodcl superior to die workspace of BM3: 
if BM4 is a cell-compartment dien CO = BM4 else 
BM5 = the hiomodcl superior lo die workspace of BM4; 
if BM5 is a cell-compartment dien C( ) = BM5: 
CL = Uie class of CO: 
return CL: 
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table 156 

QUERY-BR-RELATED-L<>CATION-CALLBACK. (button: class button, win : class window, panel: class query-panel! 

BRN: symbol - symbol ulw related-item of panell; 

PN: symbol = the name of panel: 

SW: class workspace » the subworkspace of panel: 

if not (there exists a scroll-text-list L such thai (the label ol L « *IPN]-DPKL-[BRN] or the label of L = 

"[PN|-UPKL-|BRN]" mhen 
create a nessace-dialoc nuLset I he text of the message upon the SW of md to "Required information is not available. 

Click on Downstream or Upstream and try to query acain " and show the SW of md on the current window 
else 

create a messacc-dialoe md. set the text of the message upon the SW of md to "Processinc "and 

show the SW of md on the current window; 
create a panel-text FT I: 

create a panel-text FT2. .. ... 

ifnoMthereexistsaradio-butionBuponSW r suchthat(theidofBa "subuniis or the id of B= domains or 

the id of B « "motifs" or the id of B = "croups")) then 
BRL. ETL TX1.TX2 « call ME R G E- LOCATION- FUN CT ION- ONLY- PR OC (panel, win) 
else 

ivneO. tvne 1. tvpc2. LL. FL. BRLTXl * call MERGE- LOCATION-FUNCTION-PROC (panel, win); 
ii there exists a radio-button Bl upon SW such that (the id ol Bl « "location ) and there exists a uil-radio-huuon B2 
upon SW such that the id of B2 » "function") then 
PETL «call MERGE-LL-FL-PROC ftvpcl.tvne2. LL FL panel. win): 

ETL TX2 = call QUERY-BR-LOCAT I C )N- PU NOTION- STRUCTURE- LISTS- PR f XT (type*), type 1. typc2. 

■PETL. -panel. -win) 
else 

if there exists a radio-button B upon SW such that (the id of B « "location ) then 

ETL TX2 = call yUERY-BR-LC)CATlON-STRUCTURE-LlSTS-PRt)C ttypeO. type I. LL panel, wini 
else 

if there exists a radio-button B upon SW such that (the id of B « "function ) then 
ETLTX2 = call QU ERY- BR -FUNCTION-STRUCTURE- LISTS-PR OCdypeO. iype2. FL. panel, win): 
change the text of FTl to "1TX1|"; 

chance the text of FT2 to *|TX2 j": _ ^ 

callCREATE-DOUBLE-QUERY-OUTPUT-PANEL-PROC (BRL ETL. FTl. FT2. panel, win): 

ictetc md: 
return: 
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MERGE-LOCATION-FUNCTION-ONLY-PROC (panel: class query-panel, win : class window) > 
iclass scroll-text-list. class scroll-text-list. text, text) 
BRN: symbol * symbol (the related-item of panel I: 
PN: svmhol » the' name of panel; 
SW: class kb- workspace * the subworkspace of panel; 
if there exists a c -scroll-text- list ETL such that uhc label of ETL = "|PN|-ETL-|BRN|") then 
for ETL e each scroll- text-list do 

if the label of ETL = "| PN|-ETL-(BRNr then delete ETL. 
create a scroll-text-list ETL: 

conclude that the label of ETL = "|PN1-ETL-IBRN]": 

conclude that ETL is a-list-associaicd-to-dlc panel: 

transfer ETL to the subworkspace of safe-home- for- lists at t50. -245): 

rb-idO = call GET-RADIO-BOX-ID-PROC ("direction". SW. win): 

ivpet) * call uil-cct-radio-hox-value (panel. rb-idO): 

rb-idl « call G£T-RAI)K>-B0X-ID-PR<>C ("location". SW. wini; 

tvne I » call uil- wt-radio-Kn -value tpanel. rb-idl ): 

LL LBRL = cafl GETBR-LOCATION-LIST-PROC nypeO. tynel. panel, wini: 
rb-id2 « call GET-RAl)U)-BOX-ll>-PROC ("function". SW. win); 
tvpe2 « call uil-cet-radio-box-value tpanel. rb-id2): 

FL FBRL « cafl GET-BR-FUNCTION-L1ST-PROC ttypeU. t\pe2. panel, win ): 
if there exists a scroll-text-list BRL such that Uhc label of BRL = "IPN|-BRL-|BRN1 ) then 
for BRL » each c-scroll-texi-lisi do 
if the label of BRL * "(PN1-BRL-IBRN]" then delete BRL; 
create a scroll-text-list BRL: 

conclude that the label of BRL = "[PN1-BRL-IBRN]": 
conclude that BRL is a-list-associated-to-dle panel: - 

transfer BRL to the subworkspace of safe -ho me- for- lists at ( 135. -235). . , OOI rani om . 

TX1 -call MERGE-BRL-F\>NCTI()N-LOCATION-PROC uvpcO. tvpel. typc2. LBRL. FBRL BRL. panel, win!: 
TX"> = wall MFRGF-ETL-FLH^CTION-LOCATION-ONLY-PROC ttvpeu. type I. typc2. LL FL ETL panel, wmi. 
return BRL ETL TXI.TX2; 



17* 



WO 96/22575 



PCI7US96/00883 



TABLE 158 



MERGE-LL-FL-PROC (LL: class c-scroll-text-lisu FL: class seroll-texi-list. 

panel: class query-panel, win : class window) = (class scroll-texi-list) 
PN: symbol = die name of panel; 
BRN: symbol = symbol (the related-Hem of panel); 

if there exists a c-scroll-texi-lisi PETL such lhai (the label of PETL = "(PN]-PETL-|BRN]"» then 

for PETL = each c-scroll-iexi* list do 
if the label of PETL = "|PN1-PETL-|BRN]" then delete PETL; 
create a e-scroll-tcxi-lisi PETL; 
conclude that the label of PETL = M [PN]-PETL-[BRN1"; 
(conclude that PETL is a-list-associaied-io-dle panel;) 
transfer PETL to the subworkspace of safc-home-for-lists at (50. -245); 
for TF = each text in FL do 

for TL = each text in LL do 

if TF = TL then insert TF at the end of the text list PETL; 
return PETL; 
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GET-BR-LOCATION-LIST-PROC (type!): symbol. r/pel; symbol, panel: class 
^uery-panei. win : class window* s (class scroll-texi-list. class scroll-texi-list) 
PN = the name of panel; 
BRN = the reiaied-item of panel; 
if typeO is downstream then 
case ( type h of 
extracellular: 

lbl = "|PNl-DECL-IBRNr; 
cell-membrane: 

lbl = " 1 PN 1 -DCM L-| B RN |" ; 
cvtosol: 

* lbl = "|PN|-DCYL-|BRNl"; 
nucleus: 

lbl = "|PN].DNUL-[BRN f |"; 
c-reiiculum: 

IM = "|PN)-DERL-|BRN]": 
colci: 

lbl- "IPNI-DGOL-IBRNr: 
autosomes: 

lhl = "|PN|-DENL-|BRNr; 
no-location -selection : 

lhla"lPNl-DNL-|BRN r r; 

else 

if ivpeO is upstream Uien 
case i type 1 1 of 
extracellular: 

IW--IPNJ.UECL-IBRNI": 
cell-membrane: 

lbl = "lPN|-UCML-[BRNr; 
cvtosol: 

* Ibl^-IPNl-UCYL-lBRNr; 
nucleus: 

Ihla-IPNl-UNUL-IBRNl"; 
e-reticulum: 

lbl = '*[PN)-UERL-(BRNr; 
eolei: 

rbl = "|PN]-UGOL-[BRNM": 
endosomes: 

lhl = "|PN|-UENL-|BRNT: 
no-loeation-selection : 
lbl*"|PN|-UNL-|BRN 



lblbr = "[PNl-DECBRL-(BRN T r; 
Iblbr = "IPNl-DCMBRL-lBRNJ"; 
lblbr = *|PN|-DCYBRL-|BRN|"; 

lblbr = I PN | -DN U B RL-l B RN |" - 

lblbr = "(PN|-DERBRL-|BRN)**; 

Iblbr = "IPN1-DGOBRL-I BRN)"; 

lblbr = "[PN)-DENBRL-1BRN|-; 

1 hi br = " | PN |- DN B R L-[ B RN ] " ; 

lblbr = -|PN)-UECBRL-lBRNr; 
lblbr = "IPNI-UCMBRL-IBRN]": 
lblbr = ~(PN|.UCYBRL-|BRN1~; 
lblbr = "[PNI-UNUBRL-iBRNl": 
Iblbr = " 1PNI-UERBRL-IBRN)"; 
Iblbr = "IPNI-UGOBRL-IBRN)"; 
lblbr = "[PNI-UENBRL-IBRN]": 



lblbr = "|PN|-UNBRL-|BRN] M : 
if there exists a scroll-texi-list LL such that (the label of LL = lbl > then move LLioi-l 10. -280k 
.i there exists a scroll-texi-list LBRL such that (the label of LBRL « Iblhn then move LBRL to ( -30. 30»: 
return LL. LBRL: 
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MERGE-BRL-FUNCTION-LOCATION-PROC uypcO: symbol, typel: symbol. 
iypc2: symbol. LBRL: class scroll-texi-lisi. FBRL: class scroll-icxi-list. ETL: class 
scroll-text-lisi. panel: class query-panel, win : class window) = iicxi) 

BRN: svmbol = svmbol (die related-item of panel); 

if die number of elements in FBRL = 0 and ihc number of elements in LBRL = 0 
i hen 

if tvpc2 = the symbol no- function-selection ihcn 
TX2 = capitalize-words ("dicre arc no bioRcscrvoirs 
[i>T>e01 of 
[BRN) 

and located in the Iiypel]") 
else 

if type 1 = the svmbol no-hx-ation-selcction then 
TX2 = capitalize-words ( There are no bioReservoirs 
of|iypc2| Itvpe0|of 
IBRNJ. 

and located in the I type 1]") 
else 

if die number of elements in FBRL = 0 and die number ol elements in LBRL >= 0 
ihcn 

if type2 = the svmbol no-function-selection ihcn 
TX2 = capitalize-words ("bioReservoirs li>npc0l of 

IBRNj 

and located in the \\ypc 1 P 
else 

TX2 = capitalize-words ("bioReservoirs (typcOl ol 

IBRN1 

and located in the [typel). 
None are |t>pe2|"): 

lor TL = each text in LBRL do 
insert TL at the end of the text list ETL: 
else 

if the number of elements in FBRL >= 0 and \hc number of elements in LBRL = 0 
then 

if ivpc 1 = the svmbol no-location-se lection then 
TX2 = capitafi/e-words ("bioReservoirs ol |typc2] |lypcl)| ol 
|BRN] M ) 
else 

TX2 = capitalize-words ("bioReservoirs of ltype2| (typcO) ol 
IBRNJ. 

N4>nc of those are located in the liypeip. 
for TF = each icxt in FBRL do 
insert TF at the end of die text list ETL: 
else 

if the number of elements in FBRL 0 and the number of elements in LBRL >= 0 
then 

TX2 = capitalize-words ("bioReservoirs ot ltypc21 |typct)| ol 
IBRNj 

and liK-ated in the |type I ]"): 

lor TF = each text in FBRL do 
lor TL = each text in LBRL do 
ifTF = TLihen 

insert TF at the end of the text list ETL: 
return TX2: 
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MERGF-ETL-FUNCT10N-L< )CATION-ONLY-FR()C KypeO: symbol, ivpcl: symbol. iypc2: symbol. LL: class c- 
scrcll-text-lisi. FL: class c-scroll-texi-lisu ETL: class scroll-texi-list. panel: class query-panel, win : class window » = 
ttcxt) 

BRN: symbol = symM (the related-item of panel): 
if (he number of elements in FL = 0 and the number of elements in LL a 0 
then 

if type2 « the symbol no- function- select ion then 

TX2 « capitalize- words ("there are no entities with structures defined in this module that 
are hypcO) ol [BRN land located in (he [typel]") 

else 

if t\pe I a the symbol relocation- selection then 

Tk2 = capitalize- words ( "There are no ltvpe2| with structures defined in this module of 

iluiarcliypeO|of[BRNn 
end else 

if the number of elements in FL = 0 and the number of elements in LL >«0 
then - 

if t\pe2 » the symbol tkvfunction-seleciion then 

TX2 * capitalize-words i "Fntitics with structures defined in this module that are [typeO] of |BRN] 
and located in the [tvpcl ]") 

else 

TX2 * capitalize-words t "Entities with structures defined in this module that are |typeO) of | BRN] 
and located in the [ type 1 ] . None are 1 type 2 )" ) : 
for TL a each text in LL do 
insert TL at the end of the text list ETL: 
else 

if (he number of elements in FL >= 0 and the number of elements in LL =0 then 
if tvpcl s the symbol ix>- location-selection then 

T\2 « capitalize- words t "[tvpe2 1 wiih structures defined in this module that arc (typcO| [BKNp 
else 

TX2 » capitalize-words r|iypc2) with structures defined in this module that are MypeOI of (BRN|. 

None of those are located in the (type 1 ]"): 
for TF « each text in FL do 

insert TF at the end of the text list ETL: 
else 

if Ihe number of elements in FL>» I) and the number of elements in LL>= 0 then 

TX2 = capitalize-words t "|iypc2| with structures defined in this module thai are |typcO| of (BRN| 

and located in the (typefp: 
for TF a each text in FL do 
for TL a each text in LL do 
if TF « TL then 

insert TF at the end of the text list ETL: 
return L\2: 
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MERGE-LC )CATION-FUNCTU >N-PR< XT. i panel: class query-panel, win : class window » = i symbol, symbol, symbol. 

class scroll-texi-list. class scroll-tcxt-list. class scroll-texi-list. text) 

BRN: symbol a symbol i the related-item of panel i: 

PN: symbol » the name of panel: 

SW: class kb- workspace a the subworkspace of panel: 

rh-idO a call GET-RADIO-BOX-ID-PROC ("direction-. SW. win): 

tvpeO » call uil-cct-radio-box-value i panel. rb-idOh 

rb-id I • call GET- RAD K )-BOX-ID-PROC riocauon". SW. win ): 

tvpel a call uil-eci-radio-hox- value (panel, rb-id 1): 

LL LBRL « call GET-BR-LOCATION-LIST-PROC (ivpcO. tvpel. panel, win): 
rb-id2 = call GET-RADIO-BOX- ID- PR(.)C rfunciion"/SW. vvini. 
ivne2 = call uil- eel -radio-box- value (panel. rb-id2>; 

FL FBRL » cafl GET-BR-FUNCTIONLIST-PROC mpcO. tvpe2. panel, win): 
if tlwre exists a scroll- text- list BRL such that (the label of BRL = "|PNI-BRL-|BRNr> then 
for BRL a each scroll-texi-list do 

if the label of BRL a "|PN|-BRL-|BRN)" tlwn delete BRL: 
create a scroll-text- list BRL 

conclude that the label of BRL - "IPN|-BRL-|BRNp: 

conclude that BRL is a-list-associatcd-lo-dle panel: 

transfer BRL (o the subworkspace of safe- home- for- lists at t 135. -235): 

TX1 « call C-N1ERGE-BRL-FUNCT10N-L()CATI<)N-PR()C ttvpeU. tvpel. type2. LBRL FBRL BRL panel. w,n>; 
return (ypct). type 1. iypc2. LL. FL. BRL. TX 1 : 
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TABLE 163 

<7uRRY.BR-L()CATI()N.STRUCTL ! RK-LISTS-PR<X: ttypeO: symbol, ivpcl: symbol. 

PETL: class seroll-tcxi-lisi. panel: class query-panel, win : class window* = i class scroll-iext-hst. text) 
PN: svmbol = the name of panel; 
SW: class kb-workspacc = the subworkspaee of panel: 
if there exists a radio-button B upon SW such that uhc id of B = "subunits") Own 
cvpc3. PSA = call FIND-SPECIFICARRAY-PROC Csubunits". panel, wini: 
if there exists a radio-button B upon SW such that tthe id of B « "subunits-2 ') then 
iype4. PSA-2 = call FIND-SPECIFICARRAY-PROC f'subunits-2 *'. panel, win): 
if there exists a radio-button B upon S W such that < the id of B = "domains ) then 
type.S. PDA * call FIND-SPEC1FIC-ARRAY-PROC ("domains", panel, win): 
if there exists a radio-button B upon SW such that t the id of B = "domains-2") then 
• typeo. PDA-2 = call FIND-SPECIF1C-ARRAY-PROC ("domains-2". panel, win): 
if "there exists a radio-button B upon SW such that tthe id of B « "motifs") then 
ivpe7. PMA » call FIND-SPECIFIC- ARRAY-PROC ("motifs", panel, win): 
if "there exists a radio-button B upon SW such thai (the id of B = "moiifs-2") then 
tvpc8. PMA-2 = call FIND-SPECIF1C-ARRAY-PROC ( "mcHifs-2". panel, win): 
if there exists a radio-hutton B upon SW such that t the id of B » l-= "croups ' ) tlwn 
tvpeS). PGA = call FIND-SPECIFICARRAY-PROC ("croups", panel, win): 
if "there exists a radio-button B upon SW such that tthe id of B = "eroups-2"l then 

type 10. PGA-2 = call FIND-SPECIFIC- ARRAY-PR OC ("groups-2". panel, win): 
if PSA exists then 

" if the^ ETL such that tthe label of ETL = "|PN|-|typd)|.|t\pel Ht>-pe3|-|iype4|-ETL") then 

io to final-routine 

° ETL. TX2 * call NIERGE-BR-LOCATION-STRUCTURE-STRUCTURE-PRCXT tthe symbol subumi. 
the symbol subunit. typeO. type 1. typo. typc4. PETL. PSA. PSA-2. panel, win): 

else 

ETL.TX2 - call MERGE-BR-L<X:ATION-STRUCTURE-PR<)C tthe symbol subunit. typeO. typel. typc.r 
PETL* PSA. panel, win): 

else 

if PDA exists then 

if PDA-2 exists then , , f t __ t , 

if there exists a seroll-texMist ETL such that tthe label of ETL = "|PN| hype*)|-(t\pel |-|i>Tc.*>l-Jtypc^|-FTL I then 

uo to final-routine 

C ETL. TX2 - call MERGE-BR-LOCATION-STRUCTURE-STRUCTURH-PROC tthe symbol donuin. 
the svmbol donuin. tvpcO. tvpel. typc5. ivpcA. PETL. PDA. PDA-2. panel, win) 

else 

11 rt^Ki^^ F.TL such that uhc label of ETL = "|PN]-iiype<)|-|iypel ] - 1 1> pc 5 1 - 1 1 >yc " I - HTL" ) tlwn 

co to final- routine 

°ETLTX2 =cj1I MERGE-BR-U JCATHiN-STRUCTURE-STRlTTURE-PROC nltc symbol domain, 
the svinlvl motif. tvpeO. typel. iype5. type7. PETL. PDA. PMA. panel. wm» 

else 

U Inhere* extsIsTsvToll-text-lisi ETL such that uhc label of ETL * "lPN|-ti>peO|-[typci |-|type5|-lt>i>e9|-ETL") then 
eo to final-routine 
else 

ETL TX2 « call MERGE-BR-LDCATION-STRUCTURE-STRUCTURE-PROC ithe symbol domain, 
the symbol croup. typeU. typel. iype5. type* PETL. PDA. PGA. panel, win) 
end else 

ETL. TX2 = call MERGE-BR-LCKTATION-STRUCTURE-PROC uhc symbol domain. typcU. typel. type.v 
PETL. PDA. panel, wini. 

else 

if PMA exists then 

11 ^thcrc list's a^Toll-text-list ETL such that tthe label of ETL = " ! PN | - 1 1 y pc<) l-( » >T^ 1 1-( t >pc 7 M t ypcS | - FTL " - then 
iio to final-routine 

°ETL TX*» .call MERGE-BR-LOCATI()N-STRUCTL'RE-STRUCTURE-PR(K tthe symbol motif. 

* the symbol motif. typcU. typel. type/. typeS. PETL. PMA. PMA-2. panel, win 
else 
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if PGA exists then 

' if ihere exists a scroll-text-list ETL such that (the label of ETL » a 1PNHi\p«0|-iypel]-[iypc7Hiype9|-ETL") Uicn 
to final-routine 

eFse 

ETL TX2 = call MERGE-BR-LOCATION-STRUCTURE-STRLKTTURE-PROC (the symbo. motif, 
the symbol croup. typcO. typel. type7. type9. PETL PMA. PGA. panel, win) 

else 

ETL TX2 » Call MERGE-BR-LUCATIUN-STRUCTURE-PROC (the symbol motif. typeO. tvpc 1. ivpe7. 
PETL PMA. panel, u ini: 

else 

if PGA exists then 
if PG A-2 exists ihen 

• if there exists a scroll-text- list ETL such that (the label of ETL ■ "I PNHiypeOMtype 1 Mtyr*#Mtypc IO|-ETL" ) then 
so to final-routine 
else 

ETLTX2 - call MERGh-BR-LOCATION-STRUCTURE-STRUCTURE-PRCXZ (the symbol croup, 
the svmbol croup. tvpeO. tvpel. tvpe9. tvpelO. PETL. PGA. PGA- 2. panel, wim 

else 

ETL. TX2 -Call MERGE-BR-LOCATION-STRUCTURE-PROC (the svmbol croup. ivpeO. tvpel. tvpeM. 
PETL. PGA. panel, win): 
return ETLTX2; 
final-routine: 
return KTL. TX2: 



TABLE 1M 



MERGK BR-LOCATION-STRUCTURE-PUOCiiacI: symbol, type*): symbol, tvpel: symbol. typc3: symbol. 
PETL class scroll-text- list. QA: class query-array. "panel: class query-panel, win : class window) » 
(class scroll-text -list, text) 

PN: symbol - the name of panel: 

BRN: symbol - the related- item ojfrancl: 

if there exists a c- scroll- text -list ETL such that uhe label of ETL = 1PNHi>TvO|-[ typel Htype3|-ETL") then 
co to exit-routine 
else 

create a c-scrol I- text-list ETL: 

conclude that the lahel of ETL « "I PN M iyneO|-| type 1 |-| typc3 )-ETL": 
{coiKiude that ETL is a-list-associaied-u>-dlc panel: ] 
transfer ETL to the suhworkspace of safc-lvme-for-lists at (50. -245 k 
{TX2 - the scroll-title of ETL: } 

if the number of elements in PETL - 0 then TX2 « capitalize- words ("There are no structures defined in this 
nwdule (hat are |typcO| of (BRN) and located in the | type I p ; 

else 

if the array-lencih of QA - 0 then 
if tvpe 3 « symbol i "no-| lag I I-selection" ) then 

T\2 « capitalize- words TEruities with structures defined in this nxxlule thai are (typeO) of | BRN I and 
located in the | type IT 1 

else 

TX2 » capitalize-words ("Entities with structures defined in this module that are |type<)| of (BRN | and 

contaned in the (t ype 1 1 . None of those contain | type 3 1" ); 
for TI « each text in PETL do 
insert TI at the end of the text list ETL: 
else 

TX2 - capitalize-words ("Entities that are jtypcO) of |BRN1 and located in the (typel | that contain |typc3p: 
for TI « each text in PETL do 
lor S2 - each svmbol in i)A do 
if TI ■ "ISZr'then insert TI at the end of the text list ETL: 
return ETL.TX2: 
exit-routine; 
TX2 « the scroll-title of ETL: 
return ETL. TX2; 
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TABLE 165 



N1ERGE-BR-L(XATI()N.STRUCTURE-STI<UCTU11E-PR()C (lag I: symbol. iac2: symbol. ivpeO: symbol, ivpel: 
symbol. type4: symbol. typcS: symbol. FETL: class scroll-text-list. QA 1 : class query-array. QA2: class query-array . 
panel: class query-panel.win : class window) = (class scroll-text-list. text) 
BRN: symbol = symbol lUic related-item ol' panel): 
PN: svrhbol =s ihe'name of panel: 

ii' there exists a e-scroll-text-list ETL such thai (the label of ETL = "I PN |-( i\poO |-| type i |-ltype4|-|iype5|-ETL''> then 
co to exit-routine 
else 

create a c-scroll-text-lisi ETL: 

conclude that the label of ETL = H |PN]-|iypcO|-|type 1 l-[iype41-[iype5 1-ETL**: 
conclude that ETL is a-Ust-associated-io-dlg panel: 
transfer ETL to the subworkspace of safe-home-for-Iists at (50. -245): 
TX2 = the scroll-title of ETL: 
if the array-length of QA1 = 0 then 
if the array-length of Q A2 = 0 then 
if rvpe5 = svmbol ( ,, no-|tac2]-selection M ) and type4 « symbol ("no-|iacl )-selection M ) then 
TX2 - capitalize-words ("Entities with structures defined in this module that are [typeO] of I BRN] and 
located in the (type 11") 

else 

if tvpc5 » symbol I "no-[iag2)-sclection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are ItypeOI of [BRN] and 

located in the [type.l K None contain .[i.ypc4.n 

else 

if iype4 = symbol ( "no-| tag 1 1 -selection") then 

TX2 * capualize-words ("Entities with structures defined in this module that are [typeO| of |BRN1 and 1 
located in the |tvpe 1 1 contain liypeSl") 

else 

TX2 = capitalize-words ("Entities with suuetures defined in this module that are |typeO| of |BRN| and 
located in the (type I p: 
for T ~ each text in PETL do 
insert T at the end of the text list ETL: 
else if the array-length of QA2 >= 0 then 
if iype4 « symbol C no-| tag 1 1 -selection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are Uype0| of [BRN) and 
located in the liypel | that contain ltype5i"i 

else 

TX2 = capitalize-words ( "Entities with suuetures defined in this module that are HypeOl of [BRN] and 

located in the (typel | that contain [type5J. None was found also containing |iype4p; 
for T = each text in PETL do 
for S2 = each svmbol in QA2 do 
ifT = "|S2r then 

insert T at the end of the text list ETL: 
else if the array-length of i)A 1 >= 0 then 
if the array-length of QA2 = 0 then 
if tvpe5 » svmrH>l ('*iu>-|tag2|-seleciion ') then 

TX2 = capitalize-words ("Entities with suuetures defined in this module that are hypeO) of |BRN| and 
located in the (type 1 1 that contain Uype4p 

else 

TX2 = capitalize-words ("Entities with structures defined in this module that are |typeO| ol ' |BRN| and 

kxrated in the |type 1 ) that contain [typc4|. None was found also containing jtypc5|"): 
for T = each text in PETL do 
for SI = each symbol in QA1 do 
if T = "JSIP then 
insert T at the end of the text list ETL: 
else if the arrav-lengih of QA2 >= 0 then 
TX2 s capitalize-words ("Entities with structures defined in this module that are ItypeOI of |BRN1 and 

located in the [type 1 1 thai contain |iype4| and |type5p: 
for T = each text in PETL do 
for SI = each svmbol in QA1 do 
if T» "IS 1|" then 
for S2 - each svmbol in QA2 do 
ifT="|S2r ihen 

insert T at the end of the text list ETL. 
return ETL. TX2; 
cxit-rouune: 
TX2 = the scroll-title of ETL: 
return ETL. TX2: 
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TABLE 166 



gUERY-BR-FUNCTHJN-STRUCTURE-LISTS-PROC (iypeO: symbol. typc2: symbol. PETL: class sao!l-tcx;-list. 
panel: class query-panel, win : class window) » (class scroll-texi-lisi. icxn 
PN: symbol = the name at panel: 
SW: class kb-workspaee = the subworkspace of panel; 
ii* there exists a radio-button B upon SW such that (the id of B * "suhunhs") then 
iype3. PSA » call FIND-SPECIFIC-ARRAY-PROC ("subuniis". panel, wini: 
if "there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 
typc4. PSA-2 « call FIND-SPECIFIC-ARRAY-PROC ("subuniis-2\ panel, win): 
if there exists a radio-button B upon SW such that (the id of B s "domains") then 
typcS. PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "domains-!") then 
type*. PDA-2 = call FIND-SPECIFIC-ARRAY-PROC ("domains-2". panel, win): 
if "there exists a radio-button B upon SW such that (the id of B = "motifs") then 
typel PMA « call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win): 
if there exists a radio-button B upon SW such that (the id of B « "motifs-2") then 
type8. PMA-2 a call FIND-SPECIFIC-ARRAY-PROC ("moufs-2". panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "croups") then 
type9. PGA = call FIND-SPECIFIC-ARRAY-PROC ("croups", panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "croups-2") then 
.typc.UK PGA-2 a .call FIND-SPECIFIC-ARRAY-PROC ("croups-2 panel, win): 
if PSA exists then 
if PSA-2 exists then 

if there exists a c-scroll-text-lisi ETL such thai (the label of ETL = "lPN]-(t\pe3|-|type4]-ETL") then 
co to final-routine 
else 

ETL. TX2 = call C-MERGE-BR-FUNCTI(>N-STRUCTURE-STRUCTURE-PR()C (the symbol subtinit. the 
symbol subunit. typeU. type2. type3. typc4. PETL. PSA. PSA-2. ETL panel, win): 
else 

ETL. TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-PROC < the svmbol subunit tvpeO. tvpe2. tvpeS. 
PETL. PSA. ETL. panel, win): 
else 

if PDA exists then 
if PDA-2 exists then 

if there exists a e-scroll-text-ILsi ETL such that (the label of ETL = "[PN|-lt\pe5|-|typc6|-ETL") then 
co to final-routine 
else 

ETL. TX2 * call C-MERGE-BR-FUNCTI()N-STRUn^RE-STRUCTURE-PR()C (the symbol domain, the 
symbol domain. lypeO. type2. type5. typed. PETL. PDA. PDA-2. ETL. panel, win) 
else 

if PMA exists then 

if there exists a c-scroll-tcxt-lisi ETL such that (die label of ETL = M |PN]-|iype5|-itype7 j-ETL " i then 

co to final-routine 
efse 

ETL. TX2 = call MERGE-BR-FUNCTK )N-STRUCTURE*STRUCTL T RE-PR(>C (the symbol domain, the 
symbol motif. iype<). typo2. type5. type7. PETL. PDA. PMA. ETL. panel, win) 
else 

if PGA exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PN|*[t>pe5i-ltyjv*>|-ETL** i wen 
co to final-routine 
efse 

ETL TX2 a call C-N1ERGE-BR-FL^ T CTI()N^muCTURE-STRUCTURE-PR(X: (the symbol domain, the 
symbol croup. typeO. type2. typcS. iypc9. PETL. PDA. PGA. ETL. panel, win) 
else ~ 

ETL. TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol domain. tvpeO. tvpel. ivpe5. 
PETL PDA. ETL panel, win) : 
else 

u PMA exists then 
if PMA-2 exists then 

if there exists a e-scroll-text-list ETL such that (the label of ETL = "|PNHtype7|-[iypeK|-ETL"i then 
co to final-routine 
else 

ETL TX2 = call C-MERGE.BR-FUNCTI()N-STRUCRJRE-STRUCTURE-PR(X: (the symbol mom. the 
symbol motif. typcU. type2. type?. typeS. PETL. PMA. PMA-2. ETL panei. win. 
else 

m 
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TABLE 166 com. 

i!' PGA exists then 

if there exists a c-scroll-texi-list ETL such that (the label of ETL = |PNHt>pe71-|tyrx;9)-ETL i then 
co to final-routine 

ETL. TX2 = caJl C-MERGE-BR-RTVCTI()N-STRUCTURE-STRUCTURE-PROC (die symbol motif, 
the symbol croup. typeO. type2. iype7. type9. PETL. PMA. PGA. ETL. panel, win) 

else 

ETL TX2 = Call C-MERGE-BR-FUNCTON-STRUCTURE-PROC (the symbol motif. ype(>. typc2. type?. 
PETL. PMA. ETL. panel, win ): 

else 

if PGA exists then 

if PGA-2 exists then , 
if there exists a e-seroll-tcxi-lisi ETL such thai (the label of ETL = "|PNMiype9)-ltypelO|-ETL ) then 
co to final-routine 

C ETL TX2 = call C-MERGE•BI^FUNCTI()N-STRUCTURE-STRUCTURE-PR<)C (the symbol croup, 
the symbol croup, typed. typc2. typc9. type 10. PETL. PGA. PGA-2. ETL. panel, win) 

else 

ETL. TX2 =Cali C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol croup. typeO. type 2. 
iypeS>. PETL. PGA. ETL. panel, win); 
return ETL. TX2; 
final-rouune: 
return ETL. TX2; 



TABLE 167 



UUERY-BU-L()CAT1()N-FUNTT1()N-STRUCTURE-L1STS-PR()C uypeO: symbol, type I: symbol. typc2: 
svmbol. PETL: class scroll-text-list. panel: class query-panel, win : class window) = (class scroll-texi-lisi. text) 
BRN: symbol = symbol (the related-item of panel). 
PN: symbol * the'namc of panel: 
SW: class kb-workspacc = the subworkspace of panel: 
it" the number of elements in PETL = 0 then 

TX2 - eapitalize-words ("There are no entities with structures defined in litis module that are |iyrvO| oi |BRN| 
and located in the (tvpe 1 ]" > 
else , , 

if there exists a radio-button B upon SW such that < die id ol B = subunits ) then 
iype3. PSA = call RNU-SPECIFIC-ARRAY-PROC ( "subunits*. panel, win) 
else 

if there exists a radio-button B upon SW such that t the id of B = "subunus-2 ) then 
iype4. PSA-2 = call FIND-SPEClFtC-ARRAY-PROC f subuniis-2". panel, win) 
else 

if there exists a nidio-button B upon SW such that ( the id of B = domains ) then 
typcS. PDA = call FIND-SPECIF1C-ARRAY-PROC ("domains", panel, win) 
t*ise 

if there exists a radio-button B upon SW such thai (the id ot B = \lom;uns-. ) men 
tvpeK PDA-2 = call FINO-SPECIFIC-ARRAY-PROC ("domains-:". panel, wim 
else 

if there exists a r;idio-bution B upon SW such that (the id ol B = moiils ) then 
iypc7. PMA = call FIN T 1>SPEC1F1C-ARRAY-PR()C ("motifs . panel. wim 
else 

u there exists a radio-button B upon SW such that (the id of B = ' inotits-. ) then 
typcS. PMA-2 = call FIND-SPECIF1C-ARRAY-PROC Cmotifs-2' . panel, win): 
else 

if there exists a radio-button B upon SW such that (the id of B = "croups ) then 
type*. PGA = call FIND-S PEClFiC-ARR A Y-PR( )C I groups . panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = "groups-2") then 
typelO. PGA-2 = call FIND-SPECIFIC-ARRAY-PROC f croups -2 \ panel, wim: 
if PSA exists then 
if PSA-2 exists then 
if there exists a scroll -text- list ETL such that < the label ol ETL = 
"|PNl-ltype()|-|t>pcl 1-1 ivpe 2 |-Uypc3 |-li>pc4 l-ETL" ) then 
co to final -routine 



ETL.TX2 = call MERGE-BR-Lt XTATH >N-FUNCTH >N-STRUCTURE-STRUCTURE-PR< KT c the symbol 
subunit. the symbol subunu. typeO. type I. iype2. type.v type4. PETL. PSA. PSA-2. panel, wim: 

else 

ETL.TX2 = call MERGE-BR-L()CATI()N-^ f Cn()N-STia : CTURE-PR()C the symbol subunit. 

uvpeO. ivpel. tvpc2. tvrv.v PETL. PSA. panel, wim: 
• * * 1 ■ ' continue 
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else 

if PDA exists then 
it' PDA-2 exists then 
if there exists a scroll-text-lisi ETL such that (the label of ETL = 
w (PN)-|typeO|-|iype 1 Htypc2|-|i>-pc J|-li>T«6|-ETL M ) then 
i'0 to final-routine 
else 

ETL. TX2 = call MERGE-BR-L(>CATION-HJNCTI()N-STRUC^ (the symbol 

domain, the symbol domain. typeO. typel. typc2. type5. typc6. PETL. PDA. PDA-2. panel, win) 

else 

if PMA exists ihen 
if there exists a scroll -text-list ETL such that ( the label of ETL = 
•|PN)-[typeOMiypel ]-|type2]-[type5)-|i\pe7}-ETL") then 
co to final-routine 

else 

ETL TX2 = call MERGE-BR-LOCATION-RJNCTIO^^ (the symbol 

domain, the symbol motif. typeO. type I. typel typeS. type7. PETL. PDA. PMA. panel, win) 

else 

if PGA exists then 
if there exists a scroll-tcxt-list ETL such that rihe label of ETL = 
"|PN]-|type<)|.liype 1 l-liype21-lt>-pe5|-|typey|.ETL") then 
go to final-routine 

efse 

ETL. TX2 =* call MERGE-BR-L< )CATI()N-FL^ T CTI<)N-STRUCTURE-STRUCTURE-PR( )C tine svmhol 
domain, the symbol croup. typeO. type 1 . type2. type5. type 9. PETL. PDA. PGA. panel, win » 

else 

ETL. TX2 = call MERGE-BR-LC )CATIC)N-FUNCT1()N-STRUCTURE-PR()C < the symbol domain. 
typeO. type 1 . iype2. type?. PETL. PDA. panel, win); 

end 
else 

if PMA exists then 
if PMA-2 exists then 
if there exists a scroll -text- list ETL such mat tthe label of ETL = 
"IPNI-UypeOMiypel |-[tyjx2Mtype7].|iype81-ETL") then 
co to final-routine 
else 

ETL. TX2 = call MERGE-B R-L( XTATIC )N-FUNCTI< )N-STRUCTURE-STRUCTURE-PR( )C (the svmhol 
motif, the symbol motif. typeO. type I . iypc2. type7. typeS. PETL. PMA. PMA-2. panel win) 

else 

if PGA exists then 
if there exists a scroil-text-list ETL such thai fine label of ETL = 
*|PN|-|type(IHtypel |-|type21-|iype71-|iype^l-ETL") then 
cotoiinal-rouiinc 

efse 

ETL.TX2 scall MERGE-BR-UKATION-FLWCT^ ithc svmhol 

motif, the symbol croup, typet). typel. type2. type7. iype9. PETL. PMA. PGA. panel, wini 

else 

ETL. TX2 = Call MERGE-BR-L()CATI()N-njNCn()N-.STOUCTURE-PR<>C (the svmhol motif, tvpcu 
tvpel. type2. tvpe7. PETL. PMA. panel, win). 

else 

if PG A exists then 
if PGA-2 exists men 
if there exists a scroll-text-list ETL such that (the label of ETL = 
"IPNl-liypeOMix-pel I-[iype2I-|typcy|-|t\pel01-ETL") then 
co to final-routine 
else 

ETL. TX2 = call MERGE-B R-L()CAT1<)N-FW™ uhe svmM 

croup, the symbol croup. ivpeO. typel. typc2. types*. typelU. PETL. PGA. PGA-2. panel, win* 

else 

ETL. TX2 =CaII C-MERGE-BR-L< KTATION-FUNCTK )N-STRUCTURE-PR( )C (the svmhol croup, tvpea 
typel. type2. typeV. PETL. PGA. panel, wini; 
return ETL. TX2: 
final-rouunc: 
T\2 = the scroll-title of ETL: 
return ETL TX2: 
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TABLE 1 1 



Class name rate-pvar 
Superior class lloai-pvar 
Auributes specific lo class none 

Default settings initial value for float-parameter: 0.0: 

history keeping spec: keep history with 
maximum ageof data points = 10 minutes 

Class name binding-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings - none 



Class name tranlocation-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



Class name activation-ratc-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



Class name 


intcraction-rate-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


ccll-progression-raic-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


produc-raie-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


consum-ratc-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


output-raic-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


inpui-ratc-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default sellings 


none 
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Class name velocuy-pvar 

Superior class float-pvar 

Aiuibutcs specific to class none 

Menu option noi a final menu choice 

Default settings mine 



Class name en zy me -velocity 

Superior class velocity-pvar 

Attributes specific to class none 

Menu option not a final menu choice 

Default settings none 



Class name receptor-velocity 

Superior class veloeity-var 

Attributes specific to class none 

Class name eomplevformation-velociiy 

Superior class velocuy-pvar 

Attributes specific to class none 

Class name eomplex-dissoe-velocity 

Superior class velocuy-pvar 

Attributes specific to class none 



CUtss name ion-transport- velocity 

Superior class velocity-pvar 

Attributes specific to class none 

Class name conform-change-veloeiiy 

Superior class velocity-pvar 

Attributes specific to class none 



Class name iranslocuiion-velociiy 
Superior class velocity-pvar 
Attributes specific to class none 



TABLE 13 



Class name ileal- var 

Superior class float-variable 
A ttri bu tes speci lie to c 1 ass none 
Inherited attributes none 

Default sellings options for variable: do lorward chain, do 

not backward chain: 
data server: C2 simulator: 
validity interval: indefinite, 
supply simulauon-subiable 

Stubs inherited 

Class name velocuy-var 

Superior class float-var 

Attributes specific to class ivme 

Menu option a final menu choice 
Default settings 



Class name concentraiion-var 

Superior class float- var 

Attributes specific to class none 

Menu option a final menu choice 

Default settings none 



Class name deitsity-var 

Superior class floai-var 

Attributes specific to class none 

Menu option a final menu choice 

Default sctunes none 



Class name kinetic- p;irameier-var 

Superior class float- var 

Attributes s|\:ciftc to class none 

Menu option a final menu choice 

Detaull setnncs inuial value lor iloai-v;inahlc: V.s>e-W 
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TABLE 14 



Class name 
Superior class 
Attributes specific to class 
Default settings 



model-block-var 

float-var 

none 

default update interval: 3 seconds 
supply simulation subtable: 



Class name 
Superior class 
Attributes specific to class 
Default seuincs 



Class name 
Superior class 
Attributes specific to class 
Default settings 



model-block-output-var 

float-var 

none 

validity interval: indefinite: 

history keeping spec: keep history with maximum age of data points = 20 minutes; 
initial value for float- variable: 1 .6e-l9: 
default update interval: 3 seconds 

graph-uansf-v;ir 

float-var 

none 

initial value for float-variable: 0.0; 
default update interval: 3 seconds; 

history keeping spec: keep history with maximum age of data points = 10 minutes 



TABLE 15 



Class name 

Superior class 

Attributes specific to class 



In Itemed attributes 
Default settings 



Attribute displays 



Icon description 



trans f-lactor-var 
float-variable 

transform is given by a graph-transf-var: 

ref-variable: 

label: 

x is x 

none 

initial value for float-variable: 0.0: 
default update interval: 3 seconds; 

history keepinc spec: keep htsiorv with maximum number of data point* = ? 

ktbel offset byt- 148. 7): 

x offset by (-20. 7) 

last-recorded- value offset by <- 10. 6k 

transf-factor-var-pattern (width 320: height 24: edge-color = foreground > 



Class name 

Superior class 

Attributes specific to class 



Class name 

Superior class 

Attributes specific to class 

Class name 

Superior class 

Attributes specific to class 



veliKity-ininsf-lacior 
transl-factor-var 
label is scaled-velocity 

input-iransf-factor 
transl-factor-var 
label is input-rate 

output-transf-factor 
transf-factor-var 
label is output-rate 



Class name 
Superior class 
Attributes specific to class 



accu m- transf- factor 

transf-factor-var 

label is accumulation-rate 



Class name 

Superior class 

Attributes specific to class 



scaled-amount-iransf-factor 

transf-factor-var 

label is scaled-cone 



Class name 
Superior class 
Attributes specific to class 



density-transf-factor 
transf-factor-var 
Libel is density 



Class name 

Superior class 

Attributes specific to class 



conc-transf-factor 
transl-factor-var 
label is concentration 



«3 



WO 96/22575 



PCT/US96/00883 



TABLE 16 



Class name 
Superior class 
Attributes specific to class 

Defauli sellings 
Aiuibuic displays 
Icon description 



query-array 

symbol-array 

major-class: 

re! -component-class 

initial values for symbol-array: none 

rcf-componeni-class at (- 10. -15) 

query-array-pattern (width 38: height 38: 

medium-orchid, cyan) 



a query-array 

Names none 

Array lenghi 0 

Element type symbol 

Initial values none 

Major class none 

Rci component class none 



TABLE 17 



Class name 
Superior class 
Attributes specific to class 
Default sellings 
Attribute displays 
Icon description 



rcfercnccs-arTay 

icxi-array 

none 

initial values for symbol-array: none 
rcf-componeni-class ai (-10. - 15) 
rcfcrcnccs-arTay-paiicrn (width 38: height 38: 
violet, c van) 



TABLE 18 



Class name 
Superior class 
Attributes specific to class 

Default settings 
Attribute displays 
Icon description 



query-list 
symbol-list 
lenghi is 0: 
ret -amy 

allow duplicate elements lor g2-list: no 
ref-anay at (-10. - 15 1 
qucry-list-patiern ( width 36: height 40: 
salmon: medium-blue) 



a querv-list 

Names "one 

Element type symbol 

Allow duplicate elements? no 

Lenghi 0 

Ret arrav none 



TABLE IV 



Class name scroll-iexi-list 

Superior class text-list 

Aiiribuies specific to class label is scroll-hsi 

Class restrictions unless in administrator or developer minie: 

selecting any c-scroll-tcxt-list implies describe 

Default scuinss allow duplicate elements tor g2-list: no 

Attribute displavs label offsci by (-32. -25) 
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TABLE20 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Icon description 



Class name 
Superior class 
Attributes specific to class 
Default settings 

Attribute displays 
Icon description 



bioiienvlist 

item-list 

none 

unless in administrator or developer mode: 

selecting any bioitem-list implies describe 
bioiicm-lisi-paiiern (width 36: height 40) 

cxperiment-select»ons-list 
bioitem-list 

label is "Exper. Selections" 

allow duplicate elements tor g2-list: no: 

element tvpe for item-list: experiment-selection 
label offset by (-65. -26) 

experiment-selections-list-pattern (width 36: height 40) 



Class name 
Superior class 
Attributes specific to class 

Default settings 

Icon description 

Class name 
Superior class 
Attributes specific to class 
Attribute displays 



biorescrvoirs-lisi 
bio item- list 

lisi-is-complcted has values true or false (default is FALSE): 
label 

element type for item-list: bioreservoir: 
allow duplicate elements for g2-list: no 
bioreservotrs-list-pattern (width 36: height 40) 



downstream-biorcservoirs-list 

bioreservoirs-list 

label is "DBRL" 

label offset bvi-26. -25) 



Class name 
Superior class 
Attributes specific to class 



Default settings 

Icon description 

Class name 
Superior class 
Attributes specific to class 
Attribute displays 

Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Attribute displays 



bioproeesses-list 
bioitem-list 

tist-is-completed lias values true or false 

(default is FALSE): 
label 

element type for item-list: bioprocess: 
allow duplicate elements for g2-iist: no 
inherited 



downstream- bp- simulation -list 
bt opaKesses- list 
label is "SDBPL" 
label offset by (-30. -25) 

bm-downstream-bp-simulation-list 

downstream-bp-simulation-list 

ref-biomodel 

label is "SDBPL" 

inlKrited 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 



neural-inputs-list 

bioitem-list 

label is f, N.ln" 

label offset by (-25. -26) 

neural-in puts- pattern t width 36: height 40) 



Class name 
Superior ctass 
Attributes specific to class 
Attribute displays 
Icon description 



neural-outputs-list 

hioiiern-ltst 

label is "N.Out" 

label offset by (-25. -26) 

neural -out puts- list- pattern i width 36: 1 wight 40) 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 



paihcross- bp- list 

hioprocesses-list 

label is "XBPL" 

label offset by (-26. -25) 

patlKToss-bp-'patteni (width 36: height 40) 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 



patlwross-br-list 

bioreservoirs-Iist 

label is "XBRL" 

label offset by (-26. -25) 

pa thcross-br- list -pattern i width 36. height 40) 
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TABLE 21 

Class name bioiool 

Superior class object 

Aiiribuics specific id class none 

Menu option not a final menu choice 

table:: 

Class name model-block 
Superior class bioiool 

Miributes specific 10 class output- 1 is given by a model-nlock-output-var 

Class restrictions unless in administrator or developer mode: 

^ menu choices exclude additionally: move. name. change-size. 

color, describe, create -subworkspace; 
when in simulation, navigation, or general mode: 
menu choices exclude additionally: clone, delete: 
attributes visible exclude additionally: notes, names 
Menu option not a final menu choice 

Icon description model-block-pattern 

Class name proportional.f 

Superior class model-block 

Attributes specific to class input- 1 is given by a modcl-oUKK-var. 

gain is I.O. 

bias is 0.0 



Class name 
Superior class 
Attributes specific to class 



signuiid.l 
model -block 
input- 1: 
gain is 1.5: 
bias is 0.0 



Class name 

Superior class 

Attributes specific to class 



exp.c.pdf 
model-block 
mean is 0.0: 

x-val is given bv a model-block-var 



Class name 

Superior class 

Attributes specific to class 



unil'.c.pdC 
model-Mock 
min-val is 1 .(X:-5: 
max-val is 1.0: 

x-val is Given by a model-bUKk-var 



Class name 
Superior class 
Attributes specific to class 



unilmt 
mt >del-block 
min-val is I.Qeo: 
max-val is 1.0 



Class name 

Superior class 

Attributes specific to class 



normal. i.pdt 
model-block 
mean is 0.0: 
min-val is 1 .0e-5: 
max-val is 1.0. 
x-val 



Class name 

Superior class 

Attributes specific to class 



sin.time.l 
model-block 
min-val is 1.0e-5; 
max-val is 1 .0; 
frequency is 25: 
gain is 2: 
bias is 1 .0 



Class name generic.nuKlel.bUKk 
Superior class mode I -Mock 

Attributes specific to class p. I : p.2: p.3: p.4: p.5: p.6: p.7: p.8 p.9. 

v.l. \ 2: v. 3. v.4. v.?: v.fv. v./: v.K: v.V 
Icon description gencnc.uuKlel.bUKk-patteni (omitted) 
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TABLE 23 



Class name 
Superior class 
Attributes specific to class 



Class restrictions 



Menu option 
Attribute displays 
Stubs 

Icon description 



inference-block 
bioiool 
label is 

description is ""; 

outcome is given by an outcome-par; 
beia-coeff is given by a beia-coetT-par 
unless in administrator or uil-build mode; 
menu choices exclude additionally; move. name, change-size, 
color, describe, create-subworkspace. roiaie-reflect; 
when in simulation, navigation, or explorer mode: 
menu choices exclude additionally: clone, delete; 
attributes visible exclude additionally: notes. 

names, user-restrictions 
not a final menu choice 
label offset by (-35. 45) 
a p-connection located at right 26 
width 52; height 52; foreground 



Class name deaeuvation-bloek 

Superior class inference-block 

Attributes specific to class none 

Menu option not a final menu choice 



Class name lime-deactivaiion-block 
Superior class deaeuvation-bloek 

Attributes specific to class time-imerval is given by a deaetivation-interval-par; 
time-threshold is 9.9e99 



Class name 
Superior class 
Attributes specific to class 



evem-deaciivaiion-bloek 

deaeuvation-bloek 

none 



Class name 
Superior class 
Attributes specific to class 
Icon description 

Class name 
Superior class 
Attributes specific to class 

Icon description 

Class name 
Superior class 
Attributes specific to class 

Icon description 



activation-block 
inference-block 
none 
inherited 



time-acuvation-block 
activation-block 

lime-interval is civen bv an aaivation-imerval-par. 

time-threshold fs 9.9e99 

inherited 



checkpoint-to-floor-bloek 
activation-block 

checkpoint is given by a checkpoint- var; 

threshold is 9.9e99 

inherited 



Class name 
Superior class 
Attributes specific to class 



Icon description 



checkpoint-to<eiling-block 
activation-block 

checkpoint is given by a eheekpoini-var; 

threshold is 9.9e99 

inherited 



a checkpoint-io-cciling-block 
Names none 
Label 

Description 
Outcome 
Beta coeff 
Checkpoint 
Threshold 



wiihin-threshold 

0.0 
**** 

9.9e99 



?7 



TABLE 24 



Class name 
Superior class 
Aiiribuics specific to class 
Icon description 



button 
hiotool 

tosele-state has values show or hide (default is HIDE* 
button-pattern (width 22; height 22; dark- 
color = dim-gray, light -color = light-gray* 



Class name 

Superior class 

Attributes specific to class 



Class restrictions 



action-button 

button 

label: 

state has values enabled or disabled: 

action-proc-name; 

unless in administrator mode: 

selecting any action-bunon implies select: 
unless in administrator, developer. or modeler mode: 
non-menu choices exclude additionally: move-object 



Class name 
Superior class 
Attributes specific to class 
Icon description 



hide-sup-ws-button 
action-button 

action-proc-name is HIDE-SUP-WS-CALLBACK 
hide- sup- ws- button -pattern 



TABLE 25 



Label 

Applicable class 

Condition 

Action 



an uscr-menu-choicc 

select 

action-button 

the state of the item is enabled 

start BUTTON-HANDLER-CALLBACK (the item, this window > 



BUTTON-HANDLER-CALLBACK (button: class action-button, win : class window) 
start the procedure named by the action-proc-name of button (button, win): 
change the color-pattern of button so that light-color is light-gray. 

dark-color is dim-gray : 
conclude that the toggle-state of button is show: 
if button has a face-color FC then change FC to gray 



TABLE 26 



HIDE-SUP-WS-CALLBACK (button: class action-button, win: class window* 
WS = the workspace of button: 
OBJ = the object superior to WS: 
change the size of WS to minimum: 
hide WS on win: 

if the user-mode of win is not simulation then: 
if OBJ is a bioproeess then: 

change the status-color of OBJ to slate-blue 
else if OBJ is a biorescrvoir then: 
chance the status-color of OBJ to medium-aquamarine: 
if the toggle-state of OBJ is show then conclude that the 
toggle-state of OBJ is hide: 
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Class name changc-modc-button 
Superior class action-button 

Attributes sped fie 10 class action-proc-namc is ohaNGK-m< )I)K -CALLBACK : 

mixlc has values administrator, developer, modeler, 
explorer, simulation, default is MODELER 
Icon description change-modc-button-pattern 



CHANGE-MODE-CALLBACK (button: class change-mode-button, win: class 
window) 
mode = the mode of button: 
call CHANGE-MODE-PROC (mode, win): 
tor each change-mode-button B upon the workspace of button do 
change the color-pattern of B so that lace is forest-green: 
change the color-pattern of button so that face is green: 
return: 



CHANGE-MODE-PROC (mode: symbol, win : class window) 
if the text of the g2-uscr-modc of win /= "simulation" and mode is simulation then 
inform the operator that "The subworkspaces of all bioRescrvoirs and all 

bioProcesses will be deactivated": 
for BR ss each biorescrvoir do 
allow other processing: 
if the subworkspace of BR exists then 
deactivate the subworkspace of BR: 
change the status-color icon-color of BR to aquamarine : 
inform the operator that "The subworkspaces of all bioRescrvoirs have been 

deactivated": 
for BP = each hioproccss do 
allow other processing: 
if the subworkspace of BP exists then 
deactivate the subworkspace of BP: 
change the status-color icon-color of BP to aquamarine: 
inform die operator that "The subworkspaces of all bioProcesses have been 
deactivated": 

else 

if the text of the g2-user-mode of win = "simulation" and mtKle is not simulation then 
inform the operator that "The subworkspaces of all 

bioRescrvoirs and all bioProcesses will be activated": 
f* it BR = each biorescrvoir do 
allow other processing: 

if die subworkspace of BR exists then activate the subworkspace of BR: 
inform the operator that "The subworkspaces of all bioRescrvoirs have been 

activated": 
lor BP = each bioproeess do 

allow other pnxressing: 

if the subworkspace of BP exists then activate the subworkspace of BP: 
inform the operator that "The subworkspaces of all bioProcesses have been 
activated": 
case (mode) of 
administrator: 

change the text of the g2-uscr-inodc of win to "administrator": 
dcvelofier: 

chance the text of the g2-uscr-mode of win to "developer": 
mixlelcf: 

change the text of the g2-uscr-mtxie of win to "modeler": 
general : 

change the text of the g2-uscr-modc of win to "general": 
navigation : 

change die text of the g2 -user-mode of win in "navigation ': 
simulation: 

change the text of the g2-user-modc of win to "simulation" 
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TABLE iS 



Class name 
Superior class 
Attributes specific to class 
Class rcsirictions 

Menu option 



path- tracer 
button 
none 



unless in administrator or developer mode: 
selecting any^ath-traccr implies show 
^..u^i-u™ mn a finalmenu choice 

Icon description paih-tracer-paitcrn I width 14: tagluJ)^ 

Class name down-path-iraecr 

Superior class path-tracer 

Attributes specific n> class none 

Icon description down-paih-traeer-pauem 



Class name 
Superior class 
Attributes specific to class 
Icon description 



up-pativtracer 

path-tracer 

none 

up-palh-traccr-paiiern (width 14: height 20) 



Class name navig-path-iracer 

Superior class path-tracer 

Attributes specific to class none 

Icon description up-path-iracer-patiern ( width 1 4 . height 



TABLE V\ 
an uscr-mcnu-ehoicc 

Label show 
Applicable class path-tracer 

SST 1 S5PATH-TKACER.HANDLER.PR0C (the item, 

this window) 

PATH-TRACER-HANDLER-PROC (tracer: class path-tracer, win: 
class window) 
if the toiiclc-statc of tracer is hide then 
if the subworkspace ol tracer exists then 
case the class ol tracer is 
up-path-tracer: 
call DRAW-UP-PATHWAY-PROC (tracer, win*: 

down-path-tracer : r 

call DRAW-DOWN-PATHWAY-PROC (tracer, win): 

comnlex-down-path-traeer : _ . , 

call DRAW-COMPLEX-DOWN-PATHWAY-PROC (tracer, win): 

if the tocde-siaie of tracer is show then 

if the SW of tracer exists then hide the SW ol tracer , 
call CONFIGURE -TRACER-PROC (tracer, win): 

return m 

CONHGU^ (tracer: clxss tracer, win: class window) 

case the toggle-state of tracer is 

'"chance the color-pattern of tracer so that light-color is dim-gray, 
dafk-color is tight-gray . white-color = the symbol black: 
conclude that tluf toggle-state of tracer is show: 
show" 

' chance the color-pattern of tracer so that light-color is light-gray, 
dark-color is dim-gray . white-color = the symbol white: 
conclude that the toggle-state of tracer is hide: 
return 
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TABLE30 



Class name 
Superior class 
Attributes specific 10 class 
Class restrictions 



Menu option 
Icon description 



lists-tracer 

button 

none 

unless in administrator or developer mode: 

selecting any lists-tracer implies show; 

non-menu choices exclude additionally: move-object: 
not a final menu choice 
lists-traeer-paiiern {width 14: height 21) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



bp-ehaininig-traccr 

lists-tracer 

none 

bp-chai ni ni g- tracer-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



br-chaininig-tracer 

lists-tracer" 

none 

br-chaininig-iracer-patiem ( width 14: height 20) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



basal -density-source-traeer 

lists-tracer 

none 

basal-tlcnsity-sourcc-tracer-pattem (width 24: height 24) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



br-scroll-traeer 

lists-tracer 

none 

br-chaininig-traccr-pattern (width 1 1 6: height 30) 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Icon description 



query-tracer 

lists-tracer 

none 

unless in administrator or developer mode: 
selecting any query-tracer implies show; 
non-menu choiecsexclude additionally: move-object: 

lists-iracer-paitem ( width 1 4: height 21) 



TABLE3I 



an user- menu-choice 

Label show 
Applicable class lists-tracer 
Condition none 

Action start LIST-TRACER-HANDLER-PROC (the item, this window) 



LIST-TRACER-HANDLER-PROC (tracer: class tracer, win: class window) 
it the toggle-state of tracer is hide then 
cascthcelass of tracer is: 
bp-chaininic-traccr: 

call BP-CHAINING-PROC (the bioproccss superior to the WS oi tracer, winr. 
hr-chaininie-tracer : 

call BR-CHAINING-PROC (the biorcservoir superior to the WS of tracer, win*, 
br-scroll-tracer: 
call BR-SCROLL-PROC (tracer, win): 
else if the toggle-state of tracer is show and die SW of tracer exists then 

delete the Yub workspace ol tracer: 
call CONFIGURE -TRACER-PROC < tracer, win >: 
return 
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TABLE 3 2 



Class name graph-tracer 

Superior class buuon 

Auribuies specific to class none 

Class restrictions when in simulation or developer mode: 

selecting any graph-tracer implies show-plot: 

Menu option not a final menu choice 

Icon description graph-tracer-pauern I width 14: height 20) 



Class name scaled-br-graph-iraecr 
Superior class graph-tracer 
Attributes specific to class none 

Icon description sealcd-br-graph-traecr-pattern (width 14: 

height 20) 



Class name ahsolute-br-graplvuueer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description absolute-br-eranh-traccr-paticrn (width 

14:hci«hf21) 



Class name scaled-bp-graph-tracer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description scalcd-bp-graph-iraecr-pattcrn (width 14: 

height 20) 



TABLE 33 



an user-menu-choice 
Label show-plot 
Applicable class graph-tracer 

Condition the user-mode of this window is simulation or the user- 

mode of this window is developer 

Action start TRANSF-GRAPH-TRACER-HANDLER-PROC 

(the item, this window) 

TRANSF-GRAPH-TRACER-HANDLER-PROC (tracer: class graph- 
tracer, win: class window ) 
if the toggle-state of tracer is hide then: 
if the SW of tracer exists then 
make the SW of tracer transient: 
delete the SW of tracer: 
case the class of tracer is 
sealcd-br-eraph-traccr: 

call SCALED-BR-TRANSF-GRAPH-PROC (tracer, win): 
sealcd-bp-eraph-tracer: 

call SCALED-BP-TRANSF-GRAPH-PROC (tracer, win): 
absolute-br-sraph-traccr: 

call ABSOLUTE-BR-TRANSF-GRAPH-PROC (tracer, win): 
else if the toggle-state of tracer is show then 

delete the SW of tracer: 
call CONFIGURE-TRACER-PROC (tracer, win): 

return 
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TABLE 34 



Class name 
Superior class 
Attributes specific ioelas> 



Class restrictions 



Attribute displays 
Icon description 



reference-block 
biotool 

id. with an index: 
shon-ref is with an index: 
unique-identifier, with an index: 
author-s is "Smith AB. Morris AD 
title is ""; 

institution is "Dept. Institution. Country": 
journal is "Journal Full Name Ref : 
abstract is "** 

unless in administrator, developer, or modeler mode: 
menu chokes exclude additionally: transfer, name. 

rotate-reflecu chance-size, disable, describe: 
attributes visible for cabe- reference exclude 
additionally: user-restrictions, names, id: 
selecting any cabe- reference implies table 

^loii-ief offset by (8. 14) 

reference-pattern (width 27: height 35 



TABLE 35 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Attribute displays 
Icon description 



bio-ohiect-tiile 
biiMool 

label is "lone.name.of.biomodel" 

unless in administrator or developer mode: 

menu choices exclude additionally: delete, transfer. 

name, disable, describe, create-subworkspaee 
label offset by t -72. -7) 
bRvobjecl-tille-pauern t width 130: height 2> 



TABLE 36 



MESSAGE DEFINITIONS 
Class name cabe-rcference- message 

Supenor class message 
Attributes specific to class none 
[X'faull message properties none 



Class name sequence-display 
Superior class message 
Attributes specific to class id. with an index: 
label is 

Default message properties minimum- with is 100: text -color is 

transparent: background color is foreground 



TABLE 37 



Class name 
Superior class 
Attributes specific to class 



Menu option 
Inherited attributes 
Icon description 



entry- panel 
uil-taiktred-dialog 
id is *"*. with an mdex: 
related-item is none: 

current-simulation-time is given by an elapsed-simul- time-par: 
current-simulation-iime-increment is given by an * 

elapsed-simul-tinw-par 
a final menu choice 
several proprietary attributes 

entry-panel (width 80: height 100: dark-color = dim-gray, 
licht-color = licht-crav. white-color » white) 



Class name 
Supenor class 
Attributes specific to class 

Inherited attributes 
Icon description 



query-panel 
uil-tailored-dialoc 
id is with an index: 
related- item is mine 
several proprietary attributes 

entry-panel twidth 80: height 1 00: dark-color ■ dim-gray. 
Iieht-eolor • licht-crav. white-color ■ white) 
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TABLE 38 
"connection DEFINITIONS 



Class name 
Superior class 
Attributes specific 10 class 
Inherited attributes 
Cross section pattern 
Stub lensth 



p-connection 
conneciion 
none 
none 

cure = dim-crav. cover = green: 1 cover. 2 core. I cover 
8 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Cross section pattern 
Stub leneth 



r-connecuon 
connection 
none 
none 

core = red. cover = dim-grav: 2 cover. 2 core. 2 cover 
8 



Class name 


model-box-connection 


Superior class 


conneciion 


Attributes specific to class 


none 


Inherited attributes 


none 


Cross section pattern 


core « red. cover = green: 2 cover. 2 core 


Stub length 


8 


Class name 


cycle-path 



Superior class 
Attributes specific to class 



Cross section pattern 
Stub leneth 



connection 
tau-coeil is given by a tau-coetT-par: 
rate-constant is given by a ccll-progression-rate-constant-par: 
progression-rate is given by a cell-progression-rate-pvar 
core = arav. cover = creen: 2 cover. 6 core. 2 cover 
10 



TABLE 39 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Menu option 



biopost 

connection-post 

toecle-state has values show or hide (default is HIDE) 
unless in administrator or developer mode: attributes visible 

exclude additionally: superior-connection, toggle-state 
not a final menu choice 



TABLE 40 



Class name 
Superior class 
Attributes specific to class 

Class restrictions 



Menu option 
Icon description 



bio-object 
object 

label is wiih an index: 
description is ~" 

unless in administrator, developer, or modeler mode: 
menu-choices exclude additionally: move-object, 
roiate-rellect 
not a final menu choice 
bio-objeci-pauem 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



bionode-objeet 

bio-object 

none 

not a final menu choice 
inherited 



Class name 
Superior class 
Attributes specific to class 



Menu option 
Icon desenpuon 



biovicw-object 
bio-object 
references is"", 
warnings is ** ** * 

toggle-state has values show or hide (delault is HIDE) 

not a final menu choice 

inherited 



loH 
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TABLE 41 a 



+ BioEmiiy 
I. Simplc-bioEmity 

A. Protein-site 
Lieand.site 

Caialy lie. site 

Tyr.site 
Sersite 
Thr.site 
Cys.site 

Isoprcnytation-site 
Myrisioykition-site 

Pnucin-loss-ol-lunaion-muuition 
Protein-gain-ol-tuncuon-muiaiion 

B. Protein-mcxiified-gmup 
Tyr.P-group 
Ser.P-eroup 
Thr.P-group 
Disulpiiide-bridge 
Isoprcnylated-group 
Myristoykued-group 

c".. 

0. DNA-binding-site 
Transcription-clement 

Enlianccr-ctcmcnt 

Promoicr-pn vx imal *e lenient 

Response-element 

Activator-site 



£. DNA-niodincauon-siie 
Mctiiykuion.sitc 

F. RNA-hindtng-site 

G. ... 

II. Complex-bioEntity 
A. BioEntity-Cnmponcnt 
I . Protcin-Ct*nponcni 
a. Protein-domain 
Cytoplasmic-domain 
Transmemhntne -domain 
Extracellular -domain 
C(X)H-temiinal -domain 
NH2-tcrminal-domain 
Protein-spacer 
SH2-domain 
SH3-domain 
HSP-domain 
Alpha-ti-domain 
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U-shcet-domain 

Helix-turn-helix-domain 

lg-fold-domain 
\ g-CHl -domain 

Collagen-domain 
Fibronectin-type-IIl-domain 
Superbarrel-domain 
8-stranded-barrel-domain 

b. Protein-motif 
Leucin-zipper-motif 
Zinc-finger-motif 
Alpha-helix-motif 
Hclix-turn-motif 
tt-strand-motif 
EF-hand-motif 
Trefoil-motif 
Greek-key-motif 
Loop-rcgion-motif 
Signal-peptide-motif 

c. ... 

2. DNA-Component 
u. DNA-domain 

Operator 

Promoter 

b. DNA-motif 
TATA-box 

c. RNA-domain 

d. RNA-motif 

3. Membrane 
Plasma. Membrane 
Nuclear.Membrane 

B. Molecule 
1. Protein 
a. Activc.polypeptide 
Cytokine 
EPO.like 

ILllike 

lU.like 

IL6 like 

IL7.1ike 

LlF.like 



Growth-factor 
EGF.like 

PDGF.like 



Peptide. hormone 
GRlike 

insulin. like 



b. Receptor 
PTK.Rcp 
EGF.R.like 
EGF.R 
HER-2/neu 
ert>B3 

PDGF.RJike 

insulin. R. like 

FGF.R.likc 



PSTK.Rcp 
PPase.Rcp 

Hematopoietin.R.likc 

ic.R.like 
JLl.R.like 

G.coupled.R.like 
lLH.R.likc 



Steroid-receptors 



Receptor -complex 
PTK.Rcp.complex 
EGF.R.Iike.complcx 
EGF-EGF.R 
EGF-HER-2/neu 
EGF-crbB3 



PDGF.R.Iike.complex 
PDGF-PDGF.R 
CSFl-CSFl R/tms 

Insulin.R.likccomplex 
Insulin-insulin. R 
IGF-iGFl.l 
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FGF.R.Iike.complex 
FGF-FGF.R 

Hematop.R.likexomplex 
Dihcmatop.R.complex 
GPI30.complex 
lL2.Ra. complex 
KH97xomp!ex 

Ig.R.like.complex 
ILl.R.like.complex 

G.couplcd.R.like.complcx 
ILH.R.like.complex 



c. Enzyme 

P.iyr.kinasc 

P.ser.Thr.kinase 
p85 Rsk S6-kinase 
p70 S6-kinase 

P.tyr.P.ase 
P.ser.TIir.P.aic 

Phosphorilase 
Synthetase 
RNA.Polymerase.il 
Ti irx >i st *mc rase- 1 1 



En/ymc-complex 

d. Transcription-factor 

Jun.like 
cJun 
Fos 

NF.kB.likc 

NF.IL2A.like 

SPl.like 

TFIID.Iike 

TFIlB.likc 

TFIlE.Iike 
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Complex. transcrip-faetor 
AP.l.like 

NF.AT.like 



e. Repressor.t'acior 

f. Hisione 
HI 
H2A 
H2B 

c. Rilx>sonal.proiein 
^6S 

40S 

70S 

ii. Cyu^kcieu>ri;proiein 
Aeiin 
Myosin 
Tubulin 
Keratin 

i. lon.channel 
Voliage-gatcd-channei 

Volt-gated-Ca++-channel 
LigandGaicdClianncI 

Ca++-gated-K+-channel 

j. Transplaniation.aiuicen 
MHC.I 

MHC.ll 

k. Adhesion.protein 
Integnn 

Cadherin 

Se lectin 



1. Immunoclobulin 
IgG 

IgM 

IgA 

m. ECM. protein 
Fihnmectin 

Collagen 

Adhesin 



/DO 



2. Nucleic. acid 

a. DNA 
Gene 

cDNA 

b. mRNA 

c. rRNA 

d. iRNA 

e. Oligonucleotide 

3. Carbohydrate 
a. Polysacharide 

4. Lipid 

a. Steroid.hormone 
Estrogen 

b. Prostaglandin 

c. Leukothenes 

d. Phospholipid 

e. lsoprene 

I . Fatty .acid 

5. Small. molecule 

a. Nucleotide 
ATP 
GTP 
cAMP 

b. Aminoacid 

c. Vitamin 

d. Retinoid 

c. Sugar 

I . Ion 
Cation 

III. Heter-Mol-Complex 

A. TF-DN A.Complex 
E2F-RB-DNA.complc\ 

B. Nucleosomc 
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MERGE-BR-LOCATION-FUNCTION-STRUCTURE-PROC (tagl: symbol. typeO: symbol, type I: 
svmbol. typc2: symbol. type?: symbol. PETL: class scroll-icxi-lisi. (JA: class query-array, panel: class 
query-pane!, win : class window) = (class scroll-texi-lisi. text) 

PN: symbol = ihe name of panel: 

BRN: symbol = the related-item of panel; 

ETL: class c-scroll-tcxt-lisi: 

if there exists a c-scroll-texi-ltst ETL such thai (the label of ETL = 

■"lPNMi>Tc01-h>1H? 1 Mt>T«:2 HiypcSI-ETL" ) then 

go to exit-routine 
else 

create a c-scroll-texi-lisi ETL; 

conclude that the label of ETL = w |PNMt>pe01-[t>T>elMiype2]-Iiype?]-ETL ; 
conclude thai ETL is a-list-associated-io-dlg panel; 
transfer ETL to the subworkspace of safc-homc-for-lists at (50. -245): 
TX2 = die scroll-title of ETL; 
if the number of elements in PETL >= 0 then 
if the anav-lcncih of OA > 0 then 
TX2 = capiiali/c-wiirds « M |tvpc21 that arc |type0| of | BRN] and kicaicd m the itypci j Unit contain 

Itypclf): 
lor Tl = each text in PETL do 
for S2 = each svmbol in QA do 
ifTI = "!S2r then 

iasen T 1 at the end of die lext list ETL; 

else 

if tvpe3 = svmhol Cno-ltagl l-selection") then 

TX2 = capiialize-words ("Uypc2| widi structures defined in this module that are [type<>! ol (BRN I 
and located in the | type I j") 

else 

TX2 = capitalize-words ("|iype2J with structures defined in this miKiulc that are ItypeOI of |BRK] 

;ind contained in the | type 1 1 . None of those contain ltype?l" i: 
for T 1 = each text in PETL do 
insert Tl at the end of the text list ETL: 
return ETL. TX2: 
cxit-rouunc: 
TX2 = the scroll-title of ETL. 
return ETL. TX2: 



TABLE 169 



MERGE-BR-LOCATION-FUNCTION-STRUCTURE-STRUCTURE-PROC (tag I: symbol. ug2: 

svmhol. . . , , . 

typeO: symbol. tvpel: svmbol. type2: symbol. iype4: symbol. types: symbol. PETL: class scroll-icxt-lisi. 
QA1: class query-array! QA2: class query-array. p;inel: class query-panel, win : class window i = (class 
scroli-iexi-lisL text) 

BRN: symbol = symbol (the related-item of panel); 
PN: svmbol - the name of panel: 
if Uiere exists a c-scroll-tcxi-lisi ETL such that (the label of ETL = 

"IPNHi>thK)Mi>^ 
go to exit-routine 

else 

create a c-scroll-iext-list ETL; 
conclude that the label of ETL = 

"|PNHi>Trf>Hiyr*W^ 
conclude that ETL is a-list-associated-u>-dlg panel: 
transfer ETL to the subworkspace of safe-home-for-lists at oO. -245): 
TX2 = the scroll-title ol ETL: 

continue 
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if the array-length of OA 1 = 0 ihen 
if ihc array-length of QA2 = 0 then 
if iypc5 = symbol f no-ltag2]-selection") and iype4 = symbol ("mvltagl l-selcction") then 
TX2 = capitalizc-words T(iypc2] with siruciurcs defined in this module lhat arc [tvpcO] of [BRN] 
and located in the | type 1 1" ) 

else 

if typeS = symbol Cno-|tag2]-seleetion w ) then 

TX2 = capitalize- words r(type2] with structures defined in this module that are liypcOJ of 
[BRN] and located in die |typcl J None contain [type4]" ) 

else 

if type4 = symbol fno-|uig 1 l-sclection") then 

TX2 = capitaii/e-words ("|typc2] with structures defined in this module that arc (typcO! of 
[BRN J and located in the Uypel J contain Uype5p 

else 

TX2 = capiialize-words < N [iypc2] vvidi structures defined in this module lhat are [typcO] of [BRN) 
;ind located in the (type 1 ] n >: 
for T = each text in PETL do 
insert T at the end of the text list ETL: 
else if die arniy-lciigth of QA2 >= 0 then 

if typc4 = symbol ("no-|tag 1 )-selcction w > then 

TX2 a capitalize-words r|type2] with structures defined in this module that are UypeOI of (BRN] 
and located in the (type 1 1 that contain |t>pe5| n ) 

else 

TX2 - capitalize-words f[type21 with stnicturcs defined in this module that are ItypeOJ of |BRN| 

and located in the hype I I that contain |type5|. None was found also containing |type4| M ): 
for T = each text in PETL do 
lor S2 = each svmbol in QA2 do 
ifT = "(S2r then 

iasen T at the end of the text list ETL; 
else if the array- Icncih of QA I >= 0 then 
if the array-length of QA2 = 0 then 
if type 5 = symbol ("no-(iag2]-selection") then 

TX2 = capitalize-words ( M [type2J with structures defined in this module that ;ire |t>*peO| of [BRN] 
and located in the I type I ) that contain |typc4p 

else 

TX2 = capitalize-words r[typc2] with stnicturcs defined in this module that are (typc()| of [BRN| 

;ind located in the | type 1 1 that contain |type4J. None was found also containing | typeS |" )\ 
lor T s each text in PETL do 
for SI = each svmbol in QA1 do 
ifT = "[SIT then 
insert T at the end of the text list ETL; 
else if the array-length of QA2 >= 0 then 
TX2 = capiutlize-words (**[t>pe2] with structures defined in this module that are |iypcO| of | BRN] 

and located in the [type 1 ) that contain Uype4| and UypcS]" ): 
for T = each text in PETL do 
for SI = each svmbol in QA1 do 
ifT= w [Sir then 
for S2 = each svmbol in QA2 do 
ifT = w [S2r ihen 

insert T at the end of the text list ETL: 
return ETL. TX2: 
exit-routine: 

TX2 = the scroll-tide of ETL: 
return ETL. TX2: 
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an user-menu-choice 

Label list-copies 
Applicable class complex-hiocntity 
Condition the item has a name 

Action start ET-L1ST-COPIES-CALLBACK (the item, this window) 



ET-LIST-LOCAL-COP1ES-CALLBACK (ET: class eompiex-bioemity. win : class window; 
EN: symbol = the name of ET; 
n: intecer = 0: 

create a message-dialog md. set the text of the message upon the SW of md to "Processing 

and show trie SW of rnd on the current window at (0. 0): 
if there exists a scroll-texr-list that is thc-copics-list-of ET then 

for CEL = each seroll-text-lisi thai is thc-copies-list-of ET do 

delete CEL; 
create a seroll-text-lisi CEL; 
conclude that CEL is THE-COPIES-L1ST-OF ET; 
transfer CEL to the subworkspacc of safc-home-ior-lists at (55. 15); 
call LIST-LOCAL-BIOENTm -COPIES-PROC (ET. CEL wini: 
if the number of clemetus in CEL = 0 then 

£0 to exit-routine 
else 

create a query-panel panel by cloning MASTER-L()CAL-Bi()ENlTri , -C()PIES-PANEL; 
transfer panel to the subworkspacc of dialog-bin at (0. 0); 
SW = the subworkspacc of panel; 
moke panel permanent; 
create a panel -text FT; 

chance the text of FT to "COPIES OF: [EN]"; 
transfer FT to SWattO, 80); 

sa = call create-scroll-area-from-list ("ET-copies-scroll". 5. CELi; 
conclude that the allow-unselect-on-sclected-message of sa is true: 
conclude thai the allow-muliiple-simultaneous-selections of sa is true: 
call add-grobj-io-dialog(panel. sa. 0. -30); 
call scrolf-iire'a-reikct tsar. 

call set-attribuietSA. the symbol uil-mcssage- selection-method. 

thesvmbol ET-COPES-MESSAGE-SELECTION-CALLBACK i: 
call uil-sei-aiirihute(SA. the svmbol uil-messace-unselection-meihtxl. 

the svmbol ET-COPIES-MESSAGE-UNSELECTION-CALLBACK ); 
dc = call ereate-pushbuuon <"de". the symbol text, the symbol DELETE-QUERY-PANEL-CALLBACK. 

the symbol medium. "DELETE"); 
call add-erobj-uvdialog( panel, de. 0. -145); 
chance the size of the subworkspacc of panel to minimum: 

show 7 the subworkspacc of panel on win with its center 200 units to the left of the center of the screen: 
delete md: 
return: 
exit-routine: 

delete md: Mtl . 4 . icvr . 

create a message-dialog md. set the text of the message upon the SW oi md to TTiere arc no copies oi : ]EM 

and show the SW' of md on the current window at lO. 0); 
return. 
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ET-COP1ES-MESSAGE-SELECTION-CALLB ACK ( MO: class message-object. SA: class scroll-area, win: cUlnn 

window* 

BRN: symbol: 

T: text a the text of MO; 

if there exists a bioenutv EN such that (the id ot EN = T> then 
show EN on win with its center 3<X) units to the right oi the center ot 
the screen ; 

ET-COP?ES -MESSAGE-UNSELECTION-CALLB ACK I MO: class message-object. SA: class scroll-area, win: 
class window) 
T: text * the text of MO: 

if there exists a bioemity EN such that < the id of EN = T) then 
hide ine workspace of EN on win: 
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LIST-LOCAL-BIOENTITY-COPIES-PRCXT (ET: class bioentity. CEL.: 
class scroll-text-lisi. win: class window) 

EN: symbol = ihc name of ET: 
CL = the class ofET: 
ii ET is a PROTEIN ihen 
if there exists a protein CE that is or the class named by CL such that 
i Uw text ol' the master-bioenuty of CE = "[EN]" ) then 
for CE = each protein that is of the class named by CL do 
if the text of the masier-bioentity of CE = "(EN)" then 
insert "(the id of CE]" at the end of the text list CEL: else 
if ET is a PROTEIN-MOTIF then 
if there exists a protein-motif CE that is of the class named by CL such 
that (the text of the master-bioenuty of CE as "[EN]" ) then 
for CE = each protein-motif that is of the class named by CL do 
if the text of the masier-bioemitv of CE = "(EN]" then 
iasen H | the id of CEP at the end of the text list CEL; else 
if ET is a PROTEIN-DOMAIN then 
if there exists a protein-domain CE that is of the class named by CL such 
that (the text of the master-bioenuty of CE = "fENf ) then 
for CE = each protein-domain that is of the class named by CL do 
if the text of the master-bioemity of CE = "|EN] H then 
iasen "|the id of CE1* at the end of the text list CEL: else 
if ET is a PROTEIN-COMPONENT then 
if there exists a protein-component CE that is of the class named by CL 

such that (the text of the masier-bioentity of CE = W |EN] W ) then 
for CE = each protein-component thai is of the class aimed by CL do 
if the text of the master-bioeniiiy of CE = "jEN]" ihen 
iasen "lihe id of CE]" at the ciid of the text list CEL: else 
if ET is a DNA-COMPONENT then 
if there exists a dna-componcnt CE thai is of the class named by CL such 
thai (the text of the master-bioenuty ofCE = "(EN]" > ihen 
for CE = each dna-componem that is of the class named by CL do 
if the text of the masier-bioentity of CE = "[EN]" dien 
iasen "(the id of CE]" at the end of the text list CEL: else 
ifETisa HETER.MOL.COMPLEX then 
if there exists a hetermol .complex CE that is of the class named by CL 

such that (the text of die masier-bioentity of CE= "[EN]* ) ihen 
for CE = each hcicr.mnl.complex that is of the class named by CL do 
if the text of the masier-btoeniiiy of CE = "I EN |" then 
iasen M | the id of CEP at Ute end ol the text list CEL: else 
if ET is a NUCLEIC-ACID ihen 
if there exists a nucleic-acid CE dial is of the class named by CL such 
that (the text of the masier-bioentity of CE = "[EN]" > ihen 
for CE = each nucleic-acid dial is of the class named by CL do 
if ihe text of the masier-hi<»entiiy of CE = *|EN]" then 
insen "(the id of CE]" at the end of the text list CEL: else 
if ET is a MEMBRANE then 
if there exists a membrane CE that is of the class named by CL such that 
< the text of the master-hioentiiy of CE = H [EN]" > ihen 
for CE = each membrane that is of the class named by CL do 
if the text of the nvuuer-biocniiiy of CE = "|ENr then 
iasen "{the id of CE]" at die end of the text list CEL: else 
if ET is a BIOENTITY then 
if there exists a biocniity CE thai is of the class named by CL such that 
(the text of die masier-bioentity of CE = "(EN]" ) then 
for CE = each bioentity dial is of ihe class named by CL do 
if the text of the masier-bioeniity of CE = H (EN]* then 
insert "(the id of CE]" at the end of the text list CEL: 
return: 
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an user-menu-choicc 
Label show-lists 
Applicable class biorcscrvoir 

Condition the br-chainine-tracer upon the subworkspacc of the item exits 

Action sian BR-CHAINING-PROC (the item, this window ) 



BR-CHAINING-PROC (BR: class biorescrvoir. win: class window) 
tracer: = die br-chaining-uraecr upon the subworkspacc of BR: 
if the subworkspacc ol uacer exists then 
show die subworkspacc of tracer on Win with its center 400 units to the right of 
the center of the screen 

else 

if BR has a name dicn go to ehaining-rouune 

else if the mastcr-biorescrvoir of BR is not none then 

BR = the biorcscrvoir named by the masicr-hiorcservoir of BR: 

go to chaining-rouiinc: 
else return: 
chaining-routinc: 

create a workspace SW by cloning the subworkspacc of BR-CHAINING-LISTS : 
make SW die subworkspacc of tracer: 

change die text of the panel-text upon SW to "Lists of bioRcscrvoirs and bioProccsses 

Downstream and Upstream of: |ihc name of BR]": 
DBPL = the downstream-bioproccsscs-list upon SW : 
DBRL = die downstrcam-biorcservoirs-list upon SW : 
lor DBP = each bioprocess that is a-down-hioproccss-of BR do 
allow odicr processing: 

insert DBP at the end of die bioprocess list DBPL: 
for DDBP = each bioprocess thai is a-downstrcam-bioproecss-of DBP do 
insert DDBP at die end ol the bioprocess list DBPL: 
for LDDBP = each bioprocess in DBPL do 
for DDBR = each biorcscrvoir that is a-down-biorescrv oir-of LDDBP do 
insert DDBR at die end of the biorcscrvoir list DBRL: 
UBPL = the upstream-bioproccsscs-list upon SW : 
UBRL = the upstrcam-biorescrvoirs-list upon SW : 
for UBP = each bioprocess dial is an-up-biopnxess-of BR do 
allow other processing: 

insert UBP at the end of the bioprocess list UBPL: 
for UUBP=cach bioprocess that is an-upstream-bioproccss-of UBP do 
insert UUBP at the end of the bioprocess list UBPL. 
for LUUBP = each bioprocess in UBPL do 
for UUBR =cach hiorcscrvoir that is an-up-biorcscrvoir-of LUUBP do 
insert UUBR at die end of the biorcscrvoir list UBRL: 
chance the size oi SW to minimum: 

show : SW on win with its center 400 units to die right of die center of the screen: 
return: 
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oil user-menu-ehoice 

Label show-lists 
Applicable class bioproccss 

Condition uhe bp-chainine-traeer upon the subworkspace of the item exits 

Action start BP-CHAINING-PROC (the item, this window ) 



BP-CHAINING-PROC (BP: class bioproccss. win: class window ) 
tracer= the bp-chaintnc-iracer upon the subworkspace of BP: 
if the subworkspace of tracer exists then 

show the subworkspace of tracer on win with its center 400 units to the right of the 

center of the screen 
else 

if BP has a name then go to chaining-routine 
else if the mastcr-biopnx'cssof BP is not none then 

BP = the -bioproccss named by the masver^bioprocess of BP: 

go to chaining-routine: 
else return: 
chaining-routine: 

create a workspace SW by cloning the subworkspace of BP-CHAINING-LISTS: 
make SW the subworkspace of tracer: 

change the text of the panel-text upon SW to "(the name of BP]": 
DBPL = the downsiream-bioproeesses-lisi upon SW : 
SDBPL = Uw downstrcam-bp-simulaiion-lisi upon SW : 
DBRL = the downstrcam-biorescrvoirs-lisi upon SW : 
SDBRL = the downstream-br-simulaiion-Iisi upon SW : 
for DBP = each bioproccss that is a-downsircam-biopmeess-of BP do 
allow other processing: 

insert DBP at the end of the bn^proccss list DBPL: 

if the status of DBP is downstream-activated or the status of DBP is forw-acti vated then 
insert DBP at the end of the bioproccss list SDBPL: 

for DBR = each biorcscrvoir that is a-down-biorcscrvoir- of DBP do 
insert DBR at the end of the biorcscrvoir list DBRL: 
UBPL » the upstrcam-bioprocesses-lisi upon SW : 
SUBPL = the upstream-bp-simulation-list upon SW : 
UBRL a the upstrcam-biorescrvoirs-list upon SW : 
SUBRL = Ute upstrcam-br-simulation-lisi upon SW : 
for UBP = each bioproccss thai is an-upstrcam-bioprocess-of BP do 

allow other processing: 

insert UBP at the end of tiic biopnKess list UBPL: 

if the status of UBP is upstrcam-acti vated or the status of UBP is back-activated then 

insert UBP at the end of die bioproccss list SUBPL: 
for UBR = each bioreservoir that is an-up-biorcservoir-of UBP do 

insert UBR at the end of die biorcscrvoir list UBRL: 
change die size of SW to minimum: 

show SW on win with its center 400 units to the right ol the center oi tnc screen: 
return: 
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an user-menu -choice 
Label up-pathway 
Applicable class bioprocess 

Condilion the subworkspace of the item has been activated and the subworkspace of 

the up-path-tracer upon the subworkspace of the item does not exist 

Action start DRAW-UP-PATHWAY-PROC (the up-path-tracer upon the subworkspace 

of the item, this window i 



DRAW-UP-PATHWAY-PROC (PT: class up-path-tracer, win: class window) 
BP = the bioproce&s superior to the workspace of PT; 

if BP has a name and there exists a bioreservoir that is an-up-bioreservoir-of BP then 
create a workspace SW by cloning the subworkspace of M ASTER-U P-PATHW A Y : 
make SW the subworkspace of PT; 
T = the biomodel-title upon SW; 

conclude that the label of T = "|the label of Tl [die label of BP]": 

chance the status-color icon-color of BP to brown; 

create a bioprocess LBP by cloning BP; 

make the subworkspace of LBP transient; 

delete the subworkspace of LBP; 

x = the x-pos upon SW: 

y = the y-pos upon SW: 

conclude (hat x = -305; 

conclude that y » -240; 

iransfer LBP to SW at (x. y): 

show SW at ihree-quancr scale with its bottom left corner 50 units to the right of the 

IxMkin left comer of the screen: 
lor UBP = each bioprocess that is an-upsircam-bioprocess-of BP do 

allow oilier processing; 

change the status-color icon-color of UBP to hauvn: 
conclude that v = v ♦ 30: 

call CREATK-LOCAL-UP-BP-PROC (BP. LBP. SW. winu 
change the si/e of SW to minimum : 
return. 
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CREATE-l.OCAL-UP-BP-PROC (BP: class bioprocess. LBP: class bioprocess. SW: class workspace, win: cia>> window) 
x = the x-pos upon SW; y = the y-pos upon SW: 
if there exists a bioreservoir that is an-up-bioreservoir-of BP then 
for UBR = each bioreservoir that is an-up-bioreservoir-of BP do 
if there exists a bioprocess that is an-up-bioprocess-of UBR then 
for UBP = each bioprocess thai is an-up-bioprocess-of UBR do 

if there exists a bioprocess MBP ujxw SW such that (the master- bioprocess of MBP = the masier-bioproccss 
of UBP) then LUBP = MBP; 
so to connect -routine: 
else 

conclude that x = x + 110: 

if x > 2600 then show SW at one-quarter scale with its lop left comer 50 units below the top left comer of the screen 

else 

if x > 1 R00 then show SW at half scale with its top left corner 50 units below the top lett corner ot the screen. 

create a bioprocess LUBP by cloning UBP: 

make the subworkspace of LUBP transient: 

delete the subworkspace of LUBP; 

transfer LUBP to SW ai tx. y >: 

I = random < 20. 76k I = random 1 5. 25): 

create a connection connected between LBP new ly locating it at top at the position given by t and LUBP new ly 1 

ocating it at left at the position given by I with direction input; 
conclude that v s v ♦ 30; 

;aiiU<EATE-LOCAL.UP-BP-PROC tUBP. LUBP. SW. win): 

return; 

connect-rouiine: 

for C = each connection connected to LBP do 

if there exists a connection UC connected to LUBP such that ( UC is the same object as C ) then return; 
b = random (20. 76 ); 
r = random i40. 51V. 
P s x-rel-positioinLBP. LUBP): 
if p > 0 then 

create a connection of class c-line connected between LBP newly locating n at bottom at the position given by h 

and LUBP newly locating it at right at the position given by r with direction input . with vertices 10 else 
if p<0then 

create a connection of class c-line connected between LBP newly locating u at right ai the posuion given by r 
und LUBP newly locating it ai bottom at Hie position given by b wnh direction input : 

Tit 
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TABLE 177 



an uscr-mciiu-tlioice 
Label navig-panel 
Applicable class bioreservoir 

Condition ihc item has a name and the subwork space of the item exists 

Action start CREATE-DIRECTION-PANEL-CALLBACK (the item, this window) 



an user-menu-choice 
Label navig-panel 
Applicable class btopool 

Condition the bioreservoir superior to the workspace of the item has a name 

Action start CREATE-DIRECTION-PANEL -CALLBACK (the bioreservoir of die biopost 

connected to the item, this window) 



an user-menu-choice 
Label navig-panel 
Applicable class hiorule -object 
Condition none 

Action start CREATE-DIRECTION -PAN EL-CALLBACK (the ref-bioreservoir superior 

to the workspace of the item, this window) 



CREATE-DIRECTION- PANEL-CALLBACK (BR: class bioreservoir. win: class window) 
BRN: svmhol = the name of BR: 

create a panel by cloning MASTER-NAVIG-DIRECTION.PANEL: 
transfer panel to the subworkspace of I) I A LOG -BIN 
SW = the subworkspace of panel: 

call SET-RADIO-BOX-ID-PROC Cnavig-direction*. "|BRN]-NAVIG-DIRECTION-radio-rxn". SW, winj: 
create a panel-text FT. 

chance the text of FT 10 DIRECTION OF NAVIGATION FROM: |BRN1": 

transfer FT to SW at «). 1 1<»: 

call shrink- wTap-dialoci panel ): 

chance the text of the related-item of panel to "IBRN|": 

show SW on win at (0. 0): 

return: 



TABLE 178 



SELECT-DIRECTION-CALLBACK (button: class button, win : class window, dig: class dialog) 
BR = the bioreservoir named bv the related-item of dig: ' ; 

rb-id = call GET-RADIO-BOX-ID-PROC (* navic-direction". the subworkspace of die. w in); 
type = call cet-radio-nox- value (die. rb-id): 
call dclete-dialog (dig j: 

md = call crcate-message-dialog ("md". 'Processing .... ".the symbol extra-large, win. 0. 0): 
case tivpe) of 

Upstream : panel = call CREATE-UPSTREAM -NAV1G-PANEL-CALLBACK (BR. win): 
Downstream panel * call CREATE D >WNSTREAM-NAVIG- PANEL-CALLBACK (BR. win*: 
call dclctc-dialog tdlgi: 
delete ma: 



TABLE 179 



CREATE-D< WNSTREAM-NAVIG-PANEL-CALLBACK (BR: class bioreservoir .win : class window) 
= ( class entry -panel) 
BRN: symbol = the name of BR: 

if not (there exists a bioprocess that is a-down-bioprocess-of BR) then go to exit-anitine: 
panel = call clone-panel ( MASTER-IX )WN-NA VIGATION-PANEL): 
chance the text of the rclated-itcm of panel to "IBRNp. 
create a panel-text FT: 

change the text of FT to DOWNSTREAM NAVIGATION PANEL FOR: [BRN]": 

transfer FT to the subworkspace of panel at (70. 360); 

call NAVIG-CREATE-DOWNSTREAM-L1STS PROC (BR. panel, win): 

DBPL= the bioprocesses-list that is the-dsbp-list-ol panel: 

make panel permanent: 

create a text -list PSML; 

for DBP » each bioprocess mat is a-down-bioprocess-of BR do 
for DBM s each hiomodel that is ihe-coniainer-of-bp DBP do 

if DBM is not a bioreservoir-bin then insert "| the name of DBMp at the end of the text list PSML: 
call COM PLETE-NAVIG- PAN EL-CALLBACK ( BR. PSML. panel.wtn): 
return panel: 
exit-routine: 

md = call ercate-message-dialog fmd". There is no down -bioprocess of (the name of BR1". 

me symooi extra- iarec. win. 6. o>: 
return md: 
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TABLE 180 



N^VI^ < BR: class bioreservoir. 

pwel: class entry-panel, win: class window) 
it there exists a downstream-bioproccsses-list thai is the-dsbp-list-ol panel then 
lor BPL s each bioprocesscs-list dial is die-dsbp-list-of panel do 

delete BPL. f 
it' there exists a downstream-bioreservoirs-lisi that is thc-dsbr-hsi-of panel then 

tor BRL = each downstfcam-biorcscrvoirs-list that is thc-dsbr-Hst-ol panel do 

delete BRL: 
allow other processing: 
create a downstrcam-biorcservoirs-Iisi BRL: 
conclude that BRL is THE-DSBR-LIST-OF panel : 
transfer BRL to the subworkspacc of safe-home-for-lists: 
create a downstrcam-bioprocesscs-list BPL: 
conclude that BPL is THE-DSBP-L1ST-OF panel : 
transfer BPL to the subworkspace of safe-homc-lor-lists: 
insert BR at the end of die biorcscrvoir list BRL: 

if Uiere exists a biorcservoir DBR such dial (DBR is a-downstream-hioreservoir-ol BR) then 
for DBR = each biorcservoir that is a-downsucani-bioreservoir-of BR do 
insert DBR at the end of the biorcservoir list BRL: 

lor DBP = each bioproccss that is a-down-bioprocess-of BR do 
insert DBP at the end of the bioproccss list BPL: 

if there exists a bioproccss DSBP such Uiat (DSBP is a-downstreani-bioproccss-ol DBP) then 
lor DSBP = each bioproccss that is a-downstream-bioproccss-of DBP do 
insert DSBP at the end of the bioproccss list BPL: 
return. 



TABLE 181 



LIST-NAVIGATION-DBP-CALLBACK (button: class button, win: class window, 
panel: class entry-panel) 

SW = the subworkspacc of panel : 

BRN= the related-item of panel: 

BR= die biorcservoir named by BRN: 

BRL= die downstream-bioreservoirs-lisi that is ihe-dsbr-list-of panel : 
BPL = the downstream-bioprocesscs-list that is the-dshp-list-of panel : 
S A = the scrol l-arca upon SW : 

if not (there exists an uil-messacc-objcct that is a-sclected-mcssagc-olsA) then 
20 to no-entry-rouiinc: 

create a bm-downstfcam-bp-simulation-lisi DBPL: 
create a down-br-simulaiion-list DBRL: 

call NAVIG-READ-DOWN-SCROLL-PROC (BPL. BRL. DBPL. DBRL. win. panel >: 

n = die number of elements in DBPL: 

conclude that the lenght of DBPL = n: 

transfer DBPL to SW at ( 100. 20): 

transfer DBRL to SW at ( 170. 20): 

de = call cct-obj-from-id Cdc". panel): 

calldisable-butiontde): 

call disable-button < button): 

return: 

m 'md^cXc^ ("<nd". "No bioModcl has been selected lor this navigation. 

Click on die 7 button^ follow die instructions and click on LIST again", the symbol largo, 
win, 0. Oi: 
return: 



WOW22575 



PCT/US96/00883 



TABLE 182 

NAVIG-READ-LX)\VN-SCROLL-PR(XT (BPL: class downstream-bioprocesses-list. BRL: 
class downsu^am-bioreservoirs-list. DBPL: class bm-downstream-bp-simulation-iisi. 
DBRL: class down-br-simulation-lisi. win: class window, panel: class enirv-panel) 
SW = ihe subworkspace of panel: 

scroll-array =call get-selected-message (panel. "select-biomodel-scrolTV. 
lor ST = each text in scroll-arrav do " 

BMN s symbol (ST): 

BM a ihe biomodel named bv BMN: 

conclude lhai BM is THE-NAVIGATED-BM-OF panel: 

n = n + 1 : 

ii n = I then 
SBMT= ST else 

ii n> I then 

SBMJ= "[SBMT). (ST)": 
show the subworkspace of BM at three-quarter scale wiih its top right comer 40 units below 

the top right comer ol the screen: 
tor DBR = each bioreservoir in BRL do 
allow other processine: 

if DBR is BR-CONTAINED-IN BM then insert DBR at the end of the bioreservoir list DBRL: 
for DBP = each bioprocess in BPL do 
allow ixher processine: 

if DBP is BP-CONTALNED-IN BM then insert DBP at the end of the bioprocess list DBPL: 
change the name ol" DBPL to symhoirdownsu*eam-BP-wimin-|SBMTn: 
change the name ot' DBRL to symhol("downsiream-BR-wimin|SBMT]"): 
conclude that the ref-biomodel ol' DBPL s "[SBMTJ": 
dr » call get-obj-from-id ("dr". panel): 
call en able- button (dr:. 
return: 



TABLE 183 



NAVIG-DRAW-DBP-CALLBACK (button: class button, win: class item, panel: class entry-panel i 
WS: class kb-workspace » me subworkspace ot panel: 
DBPL = the bmik>wnstream-bp-simulauon-lisi upon WS: 
SW = call CREATE-NAVIG-PATH-TRACER-PROC ( "downstream", panel, win): 
show SW at three-quarter scale with its top left comer 50 units below the top left comer of the screen: 
BR s ihe bioreservoir named by the related-item of panel: 
if mere exists a bioprocess that is a-down-bioprocess-of BR then 
BT= the biomodel-title upon SW: 

conclude that the label of BT = "(the label of BTJ: (the label of BR)' . 

change the status-color icon-color of BR to brown: 

x s the x-pos upon SW: 

y a the y-pos upon SW: 

conclude that x = • 50: 

conclude that y = 120: 

create a bioreservoir LBR by cloning BR: 

delete die subworkspace of LBR: 

transfer LBR to SW at ix. y »: 

conclude mat y = y - 40: 

for DBP = each bioprocess that is a-dowu-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
allow other processing: 
conclude mat x = x + \ 10: 
create a bioprocess LDBP by cloning DBP: 
delete the subworkspace of LDBP: 
transfer LDBP to SW at tx. y i: 
r= random (3. 35): 
t « random 1 20. 76): 

create a connection connected between LBR newly locating it at right at the position given by r 

and LDBP newly locating it at top at the position given by t with direction output: 
conclude thai v = v - 40: 

call NAVIG-CREATE-L<)CAL-DBP-PRt)C (DBP. LDBP. DBPL. SW. win): 
change the size of SW to minimum: 
call disahle-hution (button;, 
return: 
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NAVIG-CREATE-LOCAL-DBP-PROC (BP: class bioprocess, LBP: class bioprocess. DBPL: 
class hm-downstrcam-bp-simulaiion-lisi. SW: class workspace, win: class window) 

x =s ihe x-pos upon SW: 
v = ihe y-pos upon SW: 

if there exists a bioreservoir that is a-down-biorcservoir-ol BP then 
for BR = each bioreservoir that is a-down-bioreservoir-of BP do 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
for DBP » each biopnxxss that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
if there exists a bioprocess MBP upon SW such that (the master- 
bioprocess of MBP = the master-bioprocess of DBP) then 
LDBP s MBP: 

call CONNECT-EXIST1NG-LOCAL-DBP-PROC (LBP, LDBP, win): 
else 

allow other processing: 
conclude that x = x + 110: 

if x > 2600 then show SW at one-quarter scale with its top 
left corner 50 units below the top left corner of the 
screen else 

if x > 1800 then show SW at half scale with its top left 
corner 50 units below the top left corner of the 
screen: 

create a bioprocess LDBP by cloning DBP: 
delete the subworkspace of LDBP; 
transfer LDBP to SW at tx. y): 
r = random (3.35): 
t = random (20. 76): 

creaic a connection connected between LBP newly locating 

it at right at the position given by r and LDBP newly 

locating it at top at the position given by t with 

direction output: 
conclude that y = y - 40: 

call NAVIG-CREATE-LOCAL-DBP-PROC (DBP, LDBP. DBPL SW. win). 

return: 



CONNECT-EXIST1NG-LOCAL-DBP-PROC (LBP: class bioprocess. LDBP: class ioproccss. 
win: class window) 

for C = each connection connected to LBP do 
if there exists a connection DC connccied it) LDBP such Uuu (DC is the 

same object as C) then return. 
b = random (20. 76): 
r = random (3, 35): 
p = x-rcl-position (LBP, LDBP): 
ifp>()thcn 

create a connection of class c-line connccicd bciwccn LBP newly locating it at right at the 
position given by r and LDBP newly locating it at bottom at the posiuon given by b with direction 
output, with vertices 6 -60 else 

if p<0then 

create a connection of class c-linc connected between LBP newly 
locaiine it at bottom at die position given by b and LDBP newly 
locating it at left 52 with direction output, with vertices -60: 
return: 
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CREATE-NAVIG-PATH-TRACER-PROC (typo: text, panel: class eniry-pancl. win: class item) = (class workspace i 
WS: class kb- workspace = ihe suhworkspace of panel: 
it* iherc exisis a navig-paih-tracer upon WS then 
tor NT o each navic-path-tracer upon WS do 
delete NT: 
if ivpe =s "downstream" then 

create a navig-path-iracer NT by cloning MASTER-EX)WN-NAVIG-PATHWAY else 
if ivpe ~ "upstream" ihcn 

create a navtc-paih-tracer NT bv clonine M ASTER-UP-NA VIG-PATHW AY: 
transfer NT to WS at ( 130. - 85): 
SW s the suhworkspace of NT; 

show WS on win with its bottom right comer at the bottom right corner of the screen: 
call conficure-path-tracer-proc (NT" wmr. 
return SW: 



TABLE 186 



COMPLETE-NAVIG-PANEL-CALLBACK (BR: class hioreservoi. PSML: class lexi-lisi. panel: class enin -panel. 

win : class window.) 
SW = the suhworkspace of panel: 

sa s call acatc^eroll-area-fronvlisi ("seleci-biomodel-scroir, 5. PSML. panel, 70. 170): 
conclude that die allow-unseleciH-vn-selected-message of sa is true: 
conclude that the message-selection-mcthod of sa is the symbol MESSAGE-SELECTION: 
conclude that the message-unselectitw-mcihod ol sa is the symbol MESSAGE-UNSELECTION. 
if there exists a text-pushbutton de upon SW s uch t hat i the id of de * "de") then 

chance the text of the callback of de to "DELETE-ENTRY-PANEL-CALLBACK": 
change* the size of panel to minimum 
show SW on win at the center of the screen: 



TABLE 187 



RESET-NAVIGATION-CALLBACK (button: class button, win: class item, panel: class entry -panel) 
call RESET-NAVIG-PROC I panel): 

if there exisis a text-pushbutton de upon SW* such that (the id of de = "de") then enable de: 



RESET-NAVIG-PROC (panel: class e-etury-panel> 
SW: class kb- workspace * the suhworkspace of panel; 
if there exisis a biomodel thai is THE-NA V1GATED-BM-OF panel then 
for BM = each biomodel that is THE-NA VIGATED-BM-OF panel do 
allow other pavessing; 

chance the status-color icon-color of BM to lime-green: 
conclude thai BM is not THE-NAVIGATED-BM-< )F panel : 
if there exists a navig-paih-tracer upon SW then 
for NT = each navig-paih-tracer ufwn SW do 
delete NT; 

if ihore exists a bioprocesses-lisi BPL upon SW then 
for BP = each bioprocess in BPL do 

allow other processing: 

conclude that the status of BP is available: 

chance the status-color icon-color of BP to slate-blue: 
delete BPL: 

ii there exists a bioreservoirs-Iist BRL upon SW then 
lor BU = each bioreservoir in BRL do 
allow other processing: 
conclude that the status of BR is available: 
chance the status-color icon-color of BR to medium-aquamarine: 
delete BRL: 

if there exists a lext-pushbutton Is upon SW such ihat (the id of Is = "Is ") then enable is. 
if there exists a text-pushbution dr upon SW such thai (ihe id of dr = "dr ") then disable dr. 
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SlMUL-1 NIT- CALLBACK (button: class button, win: class window, panel: class so lection -pane I) 
call GENERAL-lNrr-PROC < wini: 
call SIMUL-INIT-PROC (wim: 
return: 

ADD-S1MUL-CALLBACK (button: class uil-button. win: class window, panel: class selection -panel l 
call SIMUL-INIT-PROC < win i: 
return: 

SIMUL-INIT-PROC (win: class s2-window) 
SW = the subworkspace of INITIALIZATION -PAN EL: 
call SfcND-NO-fNPUT-MESSAGES (win): 
if there exists a sd-br-list upon SW then 
lor NL = each sd-br-list upon SW do 
delete NL: 

create a sd-br-list UNL conclude that the label ol UNL = "UNLisl : 
aeate a sd-br-list ANL conclude that ihe label of ANL = "ANLisT: 
create a sd-br-list RNL: conclude thai the label of RNL = RNList 
create a sd-br-list DNL: conclude that the label of DNL = "DNLisf : 
for BR = each bioreservoir do 
if BR has a name then 

SD = the scaline-densitv of the biopoo! upon the subworkspace oi BR: 

if the set-hv-user of SD is true then insert BR at die end oi the bioreservoir list UNL 

else call SET-SCALING-DENS1TY-PROC (BR. ANL RNL DNL) 
transfer UNL to SW at I - 1 30. -235 ): 
transfer ANL to SW at t - 80. -23?): 
transfer RNL to SW at ((SO. -235i: 
transfer UNL to SW at (110. -235 ): 

inform the operator that "The setting of ihe scaling-densiiy ol all bioPools has been concluded : 

chance the size of SW to minimum: 

return: 

S END-NO-INPUT-MESSAGES (win: class item) 
for BR = each bioreservoir do 
exit if BR has no name: 

PO = the biopool upon the subworkspace of BR: 

if not (there exists a bioproduei connected to PO) and not (there exists a model-block M connected to PC)) then 
aeate a message -dialog md. change the text of the message upon iheSW of md to "The bioPool of (the name of BR] 
has no inpuf !!! To model an input source: 1. Select create sw from the menu of the scaled-input-model-boxor the 
input-model-box ol this bioPool. as desired. 2. Add / connect / configure an appropriate model-block" and show 
the SW of md on ihe current window at (0. 0). 
change ihe text of the callback of the text-pushbutton upon the subworkspace ol md to DELETE- DIALi X3-CALI-BAL K 

SET-SCALING-DENSITY-PROC (BR: class bioreservoir. ANL: class sd-br-list. RNL: class sd-br-list. 

DNL: class sd-br-list) 
PO s the biopool upon the subworkspace of BR: 
SDF. = the scaling -density of PO: 
if the if-scahnt^amouni ol BR /«I00 then 

insert BR af Ihe end of the bioreservoir list ANL: 
sa = the if-scalinc-amount of BR: 

change the text of the initial -value of the scaling-densiry ot PO to '[sal 
make the scalinc-densitv of PO permanent: 

if ihe if-scaling-bioreservoir of BR is not none Uien go 10 conflict -routine: 
else 

if the if •scaline-bioresen oir of BR is not none then 
insert BR at the end of the bioreservoir list RNL: 

sr ss the if -scaling- amouni of the bioreservoir named by the it-scaling-biorcservoir ot BR: 
change the text df ihe initial-value of ihe scaling-densuy of HO to '|sr|'*: 
make ihe scaling-densiiy of PO permanent: 
else 

if the if -seal inc -amount of BR « 1 00 then 

insert BR at" ihe end of the bioreservoir list DNL: 

change the text ol the initial-value of the scaling-densuy ot PO to 100.0 

make the scaling-densiry of PO permanent: 
return: 

comlict-anuine: • ..... L . 

sr = the if-scalinc-amount of the bioreservoir named by the n -scaling -bioreservoir of BR: 

if *a /= sr then inform the operator that The attributes if-scaling-amount and il->caling-bioreservoir of (the name ot BK| 
have both values, which panide two conflicting scaling -density values lor us bioPool: (sa) and |sr|. respectively. 
The initial value of scaling-densiry has been sei to |sa|. but it is recommended that ihe conflict is resolved, and this 
value changed if desired.* 
return: 
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long-SET-SCALING-DENSITY-PROC (BR: class bioieservoir, NSDL: 
class bioreservoirs-list) 

«_if the set-by-user of the scaling-density of the PO of BR is true then 

rctum^ het^ • 
-"create a float-list LcL; 

define an internal float value SC; 

define an internal float value SD; 

for each biopioduct P connected to PO do 
create a float-list PL; 

for each symbol PREC in the scaling-pie cursors of P do: 
if the biorole-object R named by PREC is not an amplifier- 

bioieactant or an inhibilor.bioieactant and if the scaling-density 
of the biopool UPO connected to R /= 99.999 then 
insert the scaling-density of UPO at the end of PL; 
if the number of elements in PL >= 1 then 

insert the minimum float value in PL at the end of the float list LeL : 
delete PL; 

if the number of elements in LeL >= 1 then: 

set SD equal to the maximum float value in LeL; 

go to set -routine; 
else if there exists a source-bioitactant connected to PO then: 

create a float-list TSL; 

for each source-bioreactant TS connected to PO do 
if TS is a SUBSTRATERand the MICHAELIS-CONSTANT of 
TS/=9.9e-99then 
insert the MICHAELIS-CONSTANT of TS at the end of TSL 
else if TS is an ION.R and the EQUILIBRIUM-CONSTANT of 
TS/=9.9e-99then 
insert the EQUILIBRIUM-CONSTANT of TS at the end of 
TSL; 

if the number of elements in TSL >= 1 then 
set SC equal to the average of all floats in TSL; 
else if there exists a binding-bioieactanl R connected to PO such that 
the EQUILIBRIUM-DISSOQATION-CONSTANT of 
R/«9.9e-99then: 
create a float-list TSL; 

for each binding-bioreactanl Ts connected to PO do 
if the EQUILIBRIUM-DISSOCIATION-CONSTANT of 
Ts /= 9.9e-99then 
insert the EQUILIBRIUM-DISSOaATION-CONSTANT of Ts 

at the end of TSL; 
if the number of elements in TSL >= 1 then 
set SC equal to the average of all floats in TSL; 
if SC/= 0.0 then: 
SD = SC * 6.023e23 * top-vciume-br <BR); 
go to set-routine; 
if LeL exists then delete LeL; 
return 



set-routine: 
if SD = 0.0 then 

insert BR at the end .oft he bioreservou list NSDL 
else if SD /= 0.0 then 
if the scaling-density of PO = 99.999 then 

set the initial-value of the scaling-density of PO = the value of SD 
else if the scaling-density of PO /= 99.999 and the scaling-density of 
PO /= SD then inform the user 
return 
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an user- menu-choice 
Isabel simul-panel 
Applicable class hioreservoir 

Condition the item has a name and the sub workspace of the item exists 

Action start CREATE-1NPUT-TYPE -CALLBACK (the item, this window) 



an user-menu-choice 
Label simul-panel 
Applicable class hiopool 

Condition the hioreservoir superior 10 the workspace ot' the item lias u name 

Action start CR FATE- IN PUT-TYPE -CALLBACK 

(the hioreservoir superior to the workspace of the item, this window > 



an user-menu-choice 
Isabel simul-panel 
Applicable class hiorole-ohjeci 

Condition the biopost connected to the item has a name 

Action scan CREATE- 1 NPUT-TYPE CALLBACK line hioreservoir named by the 

re f -hioreservoir of Uie bioposi connected u> the item, ihis window) 



CREATK-INPUT-TYPE-CALLBACK (BR: class hioreservoir. win: class window i 
WS = the subworkspace of BR: 
BRN: symbol = the name of BR: 

if not < .there .exists a bioprwess that is a-down-hioprocess-of BRYlhen 
co to exit -routine: 
activate the subworkspace of BR; 
\\ ) = the hiopool upon WS: 

call CREATE-DOWNSTREAM -LISTS *PR( >C (BR. winr. 
if PO is a sol-mol-pool or \K ) is a exp-cell-pool then 

panel = call clone-panel (SIMU I. -CC)NCENTR.ATI()N -IN KT-TYPE- PANEL): 

S\V = the suhvvorksnace ot panel: 

call SET-RADIO-BOX-ID-PROC ("simul-coiK*. "|BRN|-INTlT-TYPE-radio-bo\~. SW. win): 
else 

panel * call clone-panel (SIMUL- DENS ITY -INPUT-TYPE- PANEL): 
SW = i he subworkspace ot panel; 

call SET-RADiO-BOX-ID-PROC < "simul-density "IBRNI-INPUT- 
TYPE-radio-hox". SW. win); 
create a panel -text FT; 

chan'ee Uie text of FT to INPUT TYPE FOR: |BRN|~ . 
transfer FT to SW at (O. 1 10): 
change the size of SW to minimum 
change the text of the related-item of panel to |BRN|* : 
show SW on w in at the center of the screen: 
return: 
exit-routine: 

md = call create-messaee-dialoti < "md". "There is no dow n-hioprocess-of 

| the name of BR]\"lhc symbol exira-lartre. w in. 0, 0): 
return; 



CREATK- 1> )WNSTR KAM - 1 J STS - PR( )C ( B R : class hioreservoir, win: class window > 
tf there exists a downstream -biopnvesses- list that is tin? -downs! ream- 
hioprocesses-hst-of BR iner. 

for DBPL = each hioprocesses-lisi that is tlw-ckuvnstream-hioprocesses- 
list-of BR do 
delete DBPL: 

if there exists a downsiream-btoreservoirs-lisi thai is the-downstream- 
h ioreser voirs- lis t-of BR then 

for DBRL = each down stream-hioreservoirs- list that is the -downstream- 

hiorcservoirs-list-of BR do 
delete BRL: 

if there exists an up-bioreservoirs-list that is the-up-bioieservoiis-list-of BR then 
for UBRL * eacli downstream- hioreservoir si is t that is the-downsiream-bioieservoirs-list-of BR do 
delete UBRL 
allow oilier processing: 
create a dow*nstream-hioreservoirs-list DBRL: 
conclude that DBRL is the-downsueam-bioreservoirs-li<i -of BR; 
transfer DBRL to the subworkspace of safe-home -for- lists; 
create a downstream-bioprocesses-list DBPL: 
conclude that DBPL is irwHk»w*nsiream-biopavesses.|ist-<M' BR: 
transfer DBPL to the subworkspace of safe -home- lor-lists; 
create a ivup- hioreservoir*- list LTJRL; 
conclude that UBRL is tlw-up-bioreservoirs-hst-of BR: 
transfer UBRL to the subworkspace of safe -home- lor -lists: 
call FILL- BR- DOWNSTREAM -LISTS *PR<K.* (BR. DBRL. DBPL. DBRL. www: 
re i urn. 
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TABLE 191 



SELECT- IN PUT* PAN EL-CALL BACK (button: class button, win : class window, dig: class dialog) 
BRN = the related-item of dig: 
BR = the bioreservoir named by BRN; 
WS = the subworkspace of die: 

rh-id = call GET-RADIO-BOX-ID-PROC f'simul -selection WS. win): 
type = cull get -radio-box-value (dig. rb-ki): 
call delcte-dialog idle): 

md = call create -message -ilialog ("md". "Processing the symbol extra-large, win. 0. 0): 

case (type) of 
"one- timc-concemrat ion " : 
panel = cull CREATK-CONC-INPUT-PANEL-PRfX: f BR. win): 
one-time-densitv": 

panel = call CREATE-DENSITY INPUT-PANEL-PROC (BR. wini: 
one-time-relative : 

panel = call CR EATE- RELATIVE- INPUT- PAN EL-PIU XT (BR. win), 
periodic -concentration": 

panel = call CREATE- PERIODIC-CONClNPUT-PANEL-PR(X: (BR. winn 
"periodic-densitv ": 

panel = call CREATE-PERIODIC-DENSm' lNPUT-PANEL-PROC (BR. win); 
"pericxlic -relative": 

panel = call CREaTE PERKJDIC-REL^TIVE-INPUT PANEL PROC (BR. win): 
make panel permanent: 

change the text of the related-item of panel to "1BRN]": 
SW = the subworkspace of panel; 

if there exists a text -pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to OELETE-ENTR YPANKL-CALLBACK": 
change the si/c of SW to minimum 
show S W on win at the center of the screen: 
return pane:, 
delete md: 



TABLE 192 



COMPLETE-1NPUT-PANEL-PROC (BR: class hioreservoir. panel: class entry -panel, win : class window i s 
(class entry-panel) 

SW s the subworkspace of panel; 

BRN = the name of BR: 

create a text-list PSML: 

for DBP s each bioprocess that is a-down-bioprocess-of BR do 

for DBM s each biomodel that is lite -coma iner-of -hp DBP do 
if DBM is not a bioreservoir-hin then 
insert [the name of DBM]" at the end of the text list PSML: 
su = call create -scroll -area -from- list Cselect-bk^nuxlel-scroH". 5. PSML panel. 400. ISO); 
conclude that the allow-unselect-on-selecied-message of sa is true: 
conclude that the allow -mult iple-simultanevms-seleclions ol sa is true: 
conclude that the atlow-muitiple-simulianei>us-selcciions of sa is true: 
change the text of the u il - messa gc* so lection- me ihtxl to "message-selection '; 
change the text of the uil-message-unseleciion-method to message-unselection": 
if there exists a text-pushhuiionde upon SW s uch t hat (the id of de = ' de") then 

change the text of the callback of de to DELETE- ENTRY- PANEL-CALLBACK ": 
change the size of SW to minimum: 
<how SW on win at the center of the screen; 
return panel: 



TABLE 19? 



CREATE PERIODIC-RELATI VE-1NPUT- PANEL- PROC< BR: class bioreservoir. win: class windowt = iclass entry-panel i 
BRN = the name ol BR: 

panel = call clone-panel (MASTER-PERIODIC- RELATIVE-ENTRY-PAN EL) : 
, SW = ihe subworkspace of panel; 
create a panel-text FT and transfer FT to SW at ( -20. 3R0); 
chance the text of the id of panel to "| BRN] -periodic -relative-entry-panel": 
chance the text of FT to I PERIODIC RELAT1 VE INPUT F< )R: |BRN1": 
ac = call create-pushbutton ("ac". the svmbol ACTIVATE- RELATIVE-INPUT-CALLBACK. 

ACTIVATE panel. 490. 65): 
disable ac: 

si = call create-pushbutton <* st the svmbol START-PERK )D1C-REL ATI VE-LNPUT-C A I. LBACK. 

"START", panel. 140. 65 r. 
Jisable si: 
return panel: 
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Hu"-DR-I>)WNSTREAM-L1STS-PR(X: (BR: class biorescrvoir. DBRL: class downstream-biorescnoirs-list. DBPL. elas> 
downstream-hioprocesses-lisi. UBRL: class up-bioreservoirslisi. win: class window, 
insert BR at the end of the biorescrvoir list DBRL: 

if (here exists a biorescrvoir DBR such that (DBR is a-downstream-bioreservoir-oi BR) then 
for DBR = each biorescrvoir thai is a -downstrc am -biorescrvoir -of BR do 
insert DBR ai the end of the biorescrvoir list DBRL: 
if ihero exists a bioproccss DBP such that <DBP is a-down-hioprocess-of BR) then 
for DBF = each bioproccss dial is a-down-hioprocess-of BR do 
insert DBP at the end of the bioproccss list DBPL: 

inhere exists a bioproccss DSBP such that (DSBP is a-downstream-bioprocess-oi DBP) then 
for DSBP = each bioproccss that is a -downstream -hioprocess -of DBP do 
insert DSBP at the end of the bioproccss list DBPL: 
lor FDBP - ouch bioproccss in DBPL do 
allow oilier processing: 

if there exists a biorescrvoir that is an-up-hiorcscrvoir-of FDBP then 
for UBR = each biorescrvoir that is aii-up-bioreservoir-of FDBP do 
if not | there exists a biorescrvoir DBR in DBRL such that I DBR is the same object as UBR)) then 
insert UBR at the end of the hiorcscrvoir list UBRL: 

return: 



TABLE 195 



UST-SIMUL-CALLBACK (button: class button, win: class window, panel: class entry-panel) 
S\V = the suhworkspace of panel: 
SA = the scroll- are a upon SW: 

if not (there exists an uil-mcssacc-obieet that is a-sclectcd-messace-ol SA) then 
uo to no-entry -routine; 
BRN = the related- item of die: 
B R ss the biorescrvoir named by B RN : 

DBRL = tlicdownstreani*biiveser\oirs-lisi thai is thc-downstream-biorcse nous list ol BR: 
DBPL * the downstrcam-hioprocesscs-list that is the-downstream bioprocesses-hsi-ot BR: 
UBRL = tltc up-bioieservoirs-list that is thc-up-bioreservoirs-list-of BR: 
create a Nn-downstreanvbp-simulal ion- list CDBPL: 
create a dow n-br-simulalion-list CDBRL: 
create an up-br -simulation-list CUBRL: 

call READ- SCROLL-PRC >C (DBRL. DBPL. UBRL. CDBRL. CDBPL.CUBRL.wuuilc): 
transfer CDBPL to SW at 1 395. 70>: 
transfer CDBRL to SW at(-35. 69): 
transfer CUBRL to SW at 1 53. 69 1: 

if there exists a text-pushbutton do upon SW such that (the id ol de = de ) then disable de: 

disable button: 

return: 

no-enirv-rounne: ... , , , ,u 

md = call uil-vTcate-messace-dialoj: t "md". "No bioModel has been selected lor this simulation Click on the button lor 

uMp. follow the ins true tions and click on LIST a^ain". win. 0. Or. 
return: 

TABLE 197 

ACTIVATE-SIMULATIUN-PR()C <wm: class window , panel: class entry-panel » 
SW = the suhworkspace of panel: 

DBPL = the hm-downstream-hp-sitnulaiion-list upon SW. 
DBRL = the down-br simulation-list upon SW: 
UBRL = the up-hr-simulation-liM upon SW: 
M = the model-dellniiion upon SW: 

BCB « i lie subworkspacc of the e -basal-density. source-nacer upon SW 
User-BC = the user -be-br- list upon BCB: 
call BM-( >F-MODEL-PR(XZ <M>: 

caU ACnVATE-MODEL-PROC (DBPL. DBRL. UBRLV. 

chance the text of the free-text upon BCB to "Sources of values tor Basal 

Concentration within: |the text of the uems-beloncinc-to-ihis-mtxJcl ot M] ; 
tor DBR = each biorescrvoir in DBRL do 

allow other processing: 

IH )= the biopool upon tlie subworkspacc of DBR: 

if the basal-densitv of PO /= V Ve-99 then insert DBR at the end ot the biorescrvoir list User-Bt 
else call BASAL-DENSITY-PRCX; »DBR. panel i: 
for UBR = each biorescrvoir in UBRL do 
allow other processing: 

IH ) s the hiopool upon the suhworkspace of UBR : 

if tlie basal-densitv of \K > /= 9.9e-99 then insert UBR at the end of the biorescrvoir list User-BC 
else call BASAL-DENSITY-PROC iCBR. panel r. 
if there exists a text-pushbutton si upon SW such that (the id ol si = si i ihcn 

disable st : 
return: 
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READ- SCROLL- PROC (DBRL: class downstream-bioresem»irs-lisi. DBPL: class downstream -bioprocesses-list. UBRL: 
class up-hioreservoirs-lisi. CDBRL: class down-br-simulaiion-lisi. CDBPL class bm-downstrcam-bp-simuiation-hst 
CUBRL: class up-br-simulation-list. win: class window, panel: class entry-panel) 

SW = the sub workspace of panel: 

M = Hie model-definition upon SW; 

BRN s the related-item of panel: 

ST. SBTM * text: 

n: into cor = 0; 

scroll-array = call pet- selected -message (pane I." select -biomodel-scrolD: 
tor ST = each text in scroll-array do * 

BMN = symbol (ST): 

BM = the biomodel named bv BMN: 

conclude that BM is A-SIMULATED-BM-OF M: 

nsntl: 

it ' n s I then SBMT = ST else 

if n > 1 then SBMT = "|SBMT|. 1ST]": 

show the SW of BM at three-quarter scale with its top right corner 40 units below the lop right corner ot the screen: 
lor DBR = each bioreservoir in DBRL do 

if DBR is BR-CONTA1NED IN BM then insert DBR at the end of the bioreservoir list CDBRL: 
conclude that the lenght of CDBRL = the number of elements in CDBRL: 
lor DBF » each btonroeess in DBPL do 

if DBP is BP-CONTAINED-IN BM then 
insert 'DBF at the end of the hloprocess list CDBPL: 
conclude that the lenght of CDBPL = the number of elements in CDBPL: 
for UBR = each bioreservoir in UBRL do 

if UBR is BR-CONTAlNED-IN BM then insert UBR at the end of the bioreservoir list CUBRL: 
conclude thai the lenght of CUBRL = the number of elements in CUBRL: 
chance the text of the iiems-belonging-to-ihis-model of M to "ISBMTI": 
chance the name of CDBPL to svmbol ("BPs-ikm'nstream-of-IBRNl-within-ISBMTr): 
chance the name of CDBRL to svmhol ("BRs-ik>wnstream-of-|BRN}-within-|SBMTT ): 
chance the name of CUBRL to svmhol t "up-BRs-of-[BRN|-within-|SBMTT*): 
conclude that the ret -biomodel of CDBPL = "|SBMT] ": 

if there exists a text-pushbutton ac upon SW such thai (the id of ac s "ac ") then enable ac. 
return: 



TABLE 198 



ACTIVATE- SIMULATION-PROC (win: class window, panel: class entry-panel) 
SW s the subworkspace of panel: 
DBPL = the bm-downstream-bp-simulation-list upon SW: 
DBRL s tlte down-br-simulation-lisi upon SW; 
UBRL s the up-br-simulation-lisi upon SW: 
M = the model-definition upon SW: 

BCB = the subworkspace of the c-bxsal-dcnsity-source-tracer upon SW: 

User-BC » the uscr-bc-hr-lisi upon BCB: 

call BM-C >F-MODEL-PR<>C{M): 

call ACnVATE-MODEL-PRtKT (DBPL DBRL UBRL). 

cnance the text of the free-text upon BCB to "Sources of values for Basal 

Concentration within: |the text of the items-helonging-io-ihis-model of Ml": 
for DBR s each Noreservoir in DBRL do 

allow other processing: 

P( ) s the biopool upon the subworkspace of DBR. 

if the basal-Uensiiv of PO /= 9.9e-¥9 then insert DBR at the end of the bioreservoir list User-BC 
else 

call BASAL-DENSITY-PROC (DBR. panel i; 
for UBR = each bioreservoir in UBRL do 
allow other processing: 

P( > = the bior*x»l upon the subworkspace of UBR: 

if the hasal-densirv of PO /= 9.9c-99 then insert UBR at the end of the bioreservoir list User-BC 
else 

call BASAL -DENSITY -PROC (UBR. panel): 
if there exists a lexi-pushbuilon st upon SW such that (the id ot st ="st ") then disable st : 
return: 

BM-OF MODEL-PROC. CM: class model-definitioiu 
if there exists a biomodel BM such that < BM is A-SIMUI .ATED- BM- ( )F M) then 
for BM = each biomodel that is A-SIMULATED-BM-OF M do 
chance the status-color icon-color of BM to brown: 

if there exists a biomodel BM1 such that (BM1 is BM-CONTALNED-IN BM) then 
for BM1 s each biomodel that is BMCONTAlNED-iN BM do 
allow other processinc: 

conclude that BM1 is A-SlMULATED-BM-< )K M: 
chance the status-color icon-color of BM I to brown: 
return: 

~ Hi 
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ACTIVATE-MODEL-PROC (DBPL: class downstrcam-bp-sinmlation-lisi. 
DBRL. class down-br-simulation-list. UBRL: class up-hr-simulauon-lisu 
for DBP = each bioprocess in DBPL do 

allow oiher processing: 

activate the suhworkspace ol' DBP: 

chance die status-color icon-color of DBP to brown: 

conclude iliat the status of DBP is downstream-activated; 
lor DBR = each bioreservoir in DBRL do 

allow other processing: 

activate the suhworkspace of DBR: 

change the status-color icon-color of DBR to brown: 

conclude that the status of DBR is downstream-activated: 
for UBR = each bioreservoir in UBRL do 

allow other processing; 

exit if the status of UBR is dowastrcam-aetivated: 
activate ihc suhworkspace of UBR: 
chance the status-color icon-color of UBR to brown: 
conclude that die status of UBR is back-activated: 
return: 



TABLE 200 



B A SAL- DEN S IT Y- PR( )C (BR: class bioreservoir. dig: class item) 
P( ) = the biopool upon the SW of BR; 
BC = the basal-density of PO: 
top = Uk* top-container thai is thi'-contahwr-of-br BR: 
conclude Uiat ihc volume of top = the volume of top: 
BCB = the SW of the basal-density-source-traeer upon the SW of dig. 
if BR is a sol-mol-reservoir then: 
NBC = the m>rnul-hasal-conecntraiion of BR: 
if NBC /= 9.9e-99 then 
conclude thai the basal-density of PO = NBC * 6.023e23 * the volume of top: 
insert BR ai the end of the NBC-bc-br-list upon BCB: 
return; 
else go to main-routine: 
else: 

NBD = the norrrcii-basal-density of BR: 
il NBD /=9.9e-99 then 
conclude thai BC = NBD: 

insert BR at the end of the NBD-bc-br-list upon BCB: 
return: 
else go tii inain-routine; 
mam-routine: 
if the scaling-density of PO = 99.999 then: 
insert BR at die end of the no-bc-br-list upon BCB: 
return: 
else: 

AK = the scaline-dcnsity of PO; 

if the scided-basal-amount of BR /= 9.9e-99 then: 

conclude that BC = SB A * AK: 

lascrt BR at the end of the SBA-bc-br-list upon BCB: 

return: 
else: 

case the physiol-abundance of BR is 
highest: conclude that BC = 1 .0 * AK: 
abundant: conclude that BC = 0.9 * AK; 
steady-state: conclude that BC = 0.5 * AK; 
low-induced: conclude thai BC = 0.1 * AK: 
only-induced: conclude that BC = l.0e-9 * AK: 
insert BR at the end of the pab-bc-br-list upon BCB: 
return 
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TABLE 201 

START-CONC-INPUT-CALLBACK (button: class button, win: class window, die: class dialog i 
PO = the biopool upon the subworkspacc of the biorescrvoir named by the related-item of die; 
ton = the top-container thai is the-comainer-of-br the biorescrvoir named by the related-item oi die; 
define two local float values V and EV. two quantity values t and incr, and one integer value ET: 
set t = the curTeni-simulaiion-time of die; 
set incr = the currcnt-simulaiion-iime-ineremeni of die; 

set V equal to the quantity extracted from the value of the edit-box upon die which id is ' cone -entry-value ; 
set EV = V (molar} * 6.023c23 (molecules/liter) * the volume {liters per top-container) of top; 
disable button; . . . „ ... 

set ET equal to the quantitv extracted from the value of the edit- box upon die which id is entry-time ; 
call START-SIMULATION-pR<)C i win. dig); 
waii until t >= ET checking every 1 second; 
conclude that the density-entry- of P< > = EV; 
wait until t >* ET + incr checking even* 1 second: 
conclude that the density-entry of P( ) = O.O: 
ii t > ET + incr then return 



START-DENS ITY- 1 N PUT-C A LL B AC K i button: class button, win: class window, dig: class dialog ) 
PO * the biopool upon the subworkspacc of the biorescrvoir named by the related-item of die; 
define a local float value EV. two quantity values t and incr. and an integer value ET; 
set t = the cunvnt-simulation-time of die; 
set incr = the currem-simulaiion-time-incremem of dig: 

set EV equal to the quantity extracted from the value of the edit-box upon dig which id is density-entry- value 

disable button: . 

set ET equal to die quantitv extracted from the value of the edii-box upon dig which id is entn -time ; 

call START-SIMULATION-PROC ( win. dlgi: 

wait until t >= ET checking every 1 second: 

conclude that the density-entry of P( > = EV; 

wait until t >s ET + incr checking every 1 second; 

conclude that the density-entry of P< > * 0.0: 

if t > ET + incr then return 

START-RELATIVE-INPUT-CALLBACK i button: class button, win: class window, dig: class dialog! 
BR: = the biorescrvoir named by die related-item of dig: 

POe the biopool upon the subworkspacc of the biorescrvoir named by the related-item oi dig: 

define a local float EV. iwo quantities t and incr. and an integer ET; 

set i = i he curTent-simulaiion-iime of die: 

set incr = i he current-si mul at ion -ti me- increment of dig; 

set EV equal to the quantity extracted from the value of the edit-box upon dig which idis "f actor-entry- value' ': 
disable button: 

set ET equal to the quantitv extracted from the value of the edit-box upon dig which id is ' entry-time : 

call START-SIMULATION-PROC twin, dig); 

wait until t >= ET checking even- 1 second; 

conclude that the scaled-entry of Pi > = EV; 

wan until t >= ET+ incr checking every 1 second: 

conclude that the scaled-entry of Pt > = 0.0: 

it i > ET + incr then return 

TABLE 202 

START-PERIOD1C-CONC-LNPUT-CALLBACK (button: class button, win: class window, dig: clav* dialog- 
P< ) = the biopool upon the subworkspacc of the biorescrvoir named by the related-iiem of dig; 
define two local tloat s V and EV. two quantities t and incr. and four integers ET. EI. EF. and n: 
set i » the curreni-simulation-time of dig: 
set incr = the current-simulation-iime-increment of dig: 

set V equal to the quantitv extracted from die value of the edit-box upon dig which id is conc-eiwy- value . 

set EV = V {molar} * G.023e23 {molecules/liter) * the volume {liters per top-container) oi top; 

disable button; . . 

set ET equal to die quantitv extracted from the value of the edit-box upon die which id is entry-time : 

set EF equal to the quanttiv extracted from the value of ihe edit-box upon dig which id is "cntry-irequency" \ 

set El equal to the quantitv extracted from the value of the cdii-box upon dig which id is "entry-interval": 

call START-SIMULATION-PROC twin, dig); 

wait until t >= ET checking every 1 second; 

conclude that the density-entry of P( > = EV: 

wan until t >= ET+ incr checking every 1 second: 

conclude that the dcnsity-eiury of PO =0.0; 

tor n = 1 to EF - I do 

wait until t >= ET + El * n checking every I second; 

conclude thai the densiiy-cniry of P< > = EV: 

wan until i >= ET+ EI * n + incr checking every 1 second: 

conclude thai the density-entry of P( ) = O.O: 

ii t > ET ♦ EI * n + mcr ihen return; 
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TABLE 203 



START-SIMULATION-PROC (win: class window, panel: class entry-panel ) 
M = the model-definition upon the subworkspace of panel: 
BRN: symbol = the relatcd-itcm of panel: 

if there exists a text-pushbutton pa upon S\V such that (the id of pa = "pa M ) then enable pa : 
call start-model (M): 

if the model-si mutation-status of M is running then 
sd = call uil-crcate-message-dialog ("sd". "The simulation starting from\ |BRN1 and within 
| the text of the items-telonging-to-ihis-modcl of M| has started at |the cunent time as a 
time stamp)\ win. 0. Ok 



TABLE 2(U 



MODEL-SIM ULATION-PROC 0 
M = call g2-ge*-cuiTcm-mode!-dcfinition i !; 
if the item superior to the workspace of M is a entry-panel then 
EP « the entry-panel superior to the workspace of M: 
conclude that the current-simulaiion-iime of EP is equal to the model- 

simulation-time of M. 
conclude that the currem-simulaiion-time-incremcm of EP is equal lo the 
model-siniulation-iime-incrcment of M: 
{if atiribute-x >= y then 
call g2-sei-modei-simulation-time (M. n); 
call g2-set-m(HJel-simulaUon-time-incremeni (M, m):) 
(if attributed >= y2 then 
Z2. n2. ni2 = call com-model-proc (attributc-x2): 
call g2-set-model-simulation-time <Z2. n2>; 
call g2-set-nuxiel-simulaiion-iime-increment (Z2. m2); 
call c2-stan-model (Z2):| 
stan COMPL T TE-GRAPH-TRANSFORMS-PROC ( i; 



TABLE 206 



PAUSE-SIMULATION-CALLBACK (button: class uil-butum. win: class window, 
panel: class entry-panel » 

SW = the workspace of button: 

M = the nuxlel -definition upon SW; 

call g2-pause-model <M): 

if there exists a text-pushbutton rm upon SW such that (the id ot rm ="rnf) then enable rm : 
disable button : 



RESUME-SIMULATION-CALLBACK (button: class uil-bunon. win. class window, 
panel: class entry -panel) 

SW f = the workspace of button: 

M = the nuxlel -de liniiion upon SW; 

call g2-rcsumc-mode! (M); 

if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa ") then enable pa ; 
disable button : 
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TABLE 205 

COMPUTE-GRAPH-TRANSFORMS-PROC ( ) 



GT: class graph-tracer: 
SW: class kb-\vorkspace: 
TF: class transf-factor-var: 
T: class graph-transf-var: 
C: class variablc-or-paramcicr: 

lor each graph-tracer GT do 

if there is a bionode-object BO connected to GT and GT has a SW 
then 

tor each transf-factor-var TF upon SW do 

if BO is a biopooUhcn 
case the class of TF of 
scalcd-conc-transf-factor: C = the scaled-amount of BO: 
input-transf-factor : C ■ the input-rate of BO: 

output-transf-faetor : C ■ the output-rate of BO: 
accum-transf-factor : C = the accumulation-rate of BO: 
density-iransf-factor : C = the density of BO: 

else if BO is a biocngine and the transf-factor-var upon SW is a 
vclocity-iransf-facior then C = the velocity of BO: 

conclude that the transform of TF = 

« if C <= 1 .Oe-9 then C * 1 .0c9 else ( if C <= 1 .Oe-8 then C * 1 .0c8 else 
( if C <= 1 .()e-7 then C * 1 .0e7 else ( if C <= 1 .0e-6 then C * 1 .0e6 else 
( if C <= I .Oc-5 then C * 1 .0e5 else ( if C <= I .Oe-4 then C * 1 .0c4 else 
(if C <= 1 .Oe-3 then C * 1 .0e3 else (if C <= 1 .Oe-2 then C * 1 .0e2 else 
(if C <= 1.0c- 1 then C * l.Oel else (if C <= 1.0 then C * 1.0 else 
( if C <= l.Oel then C * 1 .Oc- 1 else ( if C <= 1 .0c2 then C * 1 .Oc-2 else 
( if C <= 1 .0c3 then C * 1 .0e-3 else ( if C <= 1 .0e4 then C * I .Oc-4 else 
( if C <= 1 .0e5 then C * 1 .0e-5 else ( if C <= 1 .0e6 then C * 1 .0e-6 else 
t if C <= I .Oc7 then C * 1 .Oc-7 else ( if C <= 1 .0c8 then C * 1 .0e-8 else 
(if C<= i.0e9thenC * 1 .Oe-9 else ( if C <= 1.0c 10 then Cl.Oc-IOclse 
( if C <= I .Oc 1 1 then C* I .Oe-1 1 else (if C<= l.Oel 2 then C* l.0e-12 else 
( if C<= I .Oc 1 3 then C * I .Oc- 1 3 else ( if C<= I .Oe 1 4 then C* 1 .Oc- 1 4 else 
( if C<= I .Oc 1 5 then C* 1 .Oc- 1 5 else ( if C<= I .Oc 1 6 then C* 1 .Oc- 1 6 else 
< if C<= I .Oo 1 7 then C* 1 .Oe- 1 7 else ( if C<= I .Oe 1 8 then C* I .Oc- 1 8 else 
(ifC<= I.Oel9thenC * I .Oe-1 9 else 1.0c20)))))))))»))))))))))))))»)>: 
conclude that TF = 
( if C <= 1 .Oc-9 then 1 .0c9 else ( if C <= I .Oe-8 then 1 .OcK else 
i if C <= 1 .Oe-7 then 1 .0c7 else ( if C <= I .Oe-6 then 1 .0e6 else 
(if C <= I .Oe-5 then 1 .0c5 else (if C <= I .Oc-4 then 1 .0c4 else 
(if C <= I .Oe-3 then I.0c3 else (if C <= I .Oe-2 then 1.0e2 else 
(if C <= 1.0c- 1 then l.Oel clse(ifC<= 1.0 then 1.0 else 
(ifC<= l.Oel then l.0c-l clse(il'C<= 1.0e2 then I .Oe-2 else 
( if C <= 1 .0c3 then I .Oc-3 else ( if C <= 1 .0e4 then 1 .Oc-4 else 
( if C <= 1 .0e5 then 1 .Oc-5 else ( if C <= 1 .0e6 then 1 .Oe-6 else 
i if C <= 1 .0c7 then I .Oe-7 else ( if C <* 1 .0c8 then I .Oc-8 else 
( if C <= I 0e9 then I .Oe-9 else (if C <= I.OelO then 1 .Oe- 1 0 else 
(if C <» l.Oel I then I. Oe-1 1 else (if C <= l.Oel 2 then 1.0c- 1 2 else 
(ifC<= I.0el3then l.0e-13 else (if C <= l.OcHthcn 1.0e-14else 
(if C <= 1.0cl5ihcn 1.0c-15 else ( if C<= l.Oel 6 then I.0c-I6clsc 
( if C <= I .Oc 1 7 then I .Oc- 1 7 else ( if C <= 1 .Oc 1 8 then 1 .Oc- 1 8 else 
(ifC<= I.0el9ihcn I.0c-I9elsc I.0c20)))»))))))))))))»)»))»»> 
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TABLE 207 



an user-mcnu-choice 
Label show-s. graph 

Applicable class bioreservoir 

Condition the subworkspaee of die sealed-br-graph-tracer upon die subworkspaee of die 

item does noi exist 
in order 

start SCALED-BR-TRANSF-GRAPH-PROC (the scaled-br-graph-iracer upon the 

subworkspaee of Uic item. Urn window* and 
create a min-rev-display T and 
change the text of T to "G" and 

transfer T to die workspace of the item at ( middle-x (the item) - 29. middlc-y (the itemi + 6) 



Action 



SCALED- BR-GRAPH-PROC (tracer: class scaled-br-graph-iracer. win: class window > 
BR = die bioreservoir superior to the workspace of tracer; 
if the subworkspaee of tracer exists then 

show the subworkspaee of tracer on Win will) its top right comer 35 units below the top right 
corner of the screen 
else 

create a workspace SW by cloning live subworkspaee of SCALED- BR-TRA-N-SF-GRAP-H--M ASTER: 
G = the graph upon SW; 

change the text of the label-to-display of G to "(the name of BRP. 
change the size of SW to minimum; 

show" SW on Win with its lop right corner 35 units below the lop right comer of the screen; 
make SW the subworkspaee of tracer; 
for TF = each transf- factor- var upon SW ao 
chance the text of the ref-variable of TF to "[die name of BRf: 



TABLE 208 



( )piions 
Names 

Tracing and breakpoints 
Data type 
Initial value 
Last recorded value 
History keeping spec 

points = 3 
Validity interval 
Formula 

Simulation details 

Initial value for simulation 

Data server 

Default update interval 
Transform 
Ref variable 
Label 

X 



a velocity-transf-factor 

do not forward chain, breadth first hackw;ird chain 
none 
default 
lloat 
0.0 

0.0. valid indefinitely 

keep history with maximum number of data 



supplied 
none 

no simulation formula yet 
default 

inference engine 

3 seconds 

0.0 

none 

velocity 

x 



TABLE 209 
an user-menu-choice 

Label hide-s. graph 

Applicable class bioreservoir 

Condition the subworkspaee of the sealed-br-graph-traeer upon Hie subworkspaee of die item exists 

Action in order 

delete die subworkspaee of the scaled-br-graph-trncer upon die subworkspaee oi the item 

and delete die min-rev-display nearest to the item 
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TABLE 210 



RESET-SIMULATION-CALLBACK (button: class uil-button. win: class window, panel: class 
entry-panel) 

M *= ihe model-definition upon die workspace of button: 
call g2-rcsct-model (M): 

conclude that the current-simulation-time of die = 0.0: 
conclude that the current-siniulation-iime-increhient of dig = 0.0: 
call RESET-PROC (M. dig): 
allow other processing: 

if there exists a text-pushbutton si upon SW such that (the id of st = "st ") then disable si : 
if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then disable pa: 
if there exists a text-pushbutton rm upon SW such that (the id of nn = "mi") then disable rm: 
if there exists a text-pushbutton dc upon SW such that (the id of de = Me") then disable de: 



RESET-PROC (M: class model-definition, panel: class entry-panel) 
SW = the subworkspace of panel: 

if therc exists a biomodei that is A-SIMULATED-BM-OFM then 
for BM = each biomodei that is A-SIMULATED-BM-OF M do 
allow other processing: 

chamie the status-color icon-color of BM to medium-aquamarine: 
conclude that BM is not A-SIMULATED-BM-OF M: 
if there exists a bm-downsircam-hp-simulation-list CDBPL upon SW then 
for DBP = each bioprocess in CDBPL do 
allow other processing: 

change the status-color icon-color of DBP to slate-blue: 
conclude that tiic status of DBP is available: 
deactivate the subworkspace of DBP: 
delete DBPL: 

if there exists a down-br-simulation-list CDBRL upon SW then 
for DBR = each bioreservoir in CDBRL do 
allow other processing: 
deactivate the subworkspace of DBR: 

change the status-color icon-color of DBR to medium-aquamarine: 
conclude that die status of DBR is available: 
delete CDBRL: 
if there exists a up-br-simulation-list UBRL upon SW then 
for UBR » each bioreservoir in UBRL do 
allow other processing: 
deactivate the subworkspace of UBR: 

change the status-color icon-color of UBR to medium-aquamarine: 
conclude that the status of UBR is available: 
delete UBRL: 
allow other processing: 

if there exists a text-pushbutton Is upon SW such that (the id of Is = "Is") then enable Is: 
if there exists a text-pushbutton ac upon SW such that (the id of ac = "ac") Uien disable ac: 
return 
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TABLE 2! 1 

A I T-CR KATE-C( )NC • I N PUT- PA N E L- PROC < B K : class bioreservoir. win : class windowi = (class entry-pancl i 
panel = call clone-panel (MASTER-ALT-CONCENTRATK)N- ENTRY-PAN EL i: 
SW = (he subworkspace of panel: 

change ihc text of the user-restrictions of SW to "unless in uil-buiM mode: 

menu choices for workspace include: hide- workspace, shrink-wrap: 

non-menu choices for kh-workspace include: scale -workspace, show- workspace, 
move -workspace, move -workspaees-beyond- window- mar gin: 

attributes visible for kb-workspace include: nothing": 
create a panel-text FT: 
transfer FT to SW at (-20. 300): 

chanee the text of the id of panel to "[BRNl-conc -entry-panel": 

chance the text of FT to 1. CONCENTRATION INPUT FOR: [the name ofBRl": 

= Jail ereate-pushhuiton Tsf . the symbol ALT-START-CONC-INPUT-CALLBACK/START . panel. 138. (SOr. 
disable sr. 
return panel: 

TABLE 212 



ALT-UST-SIMUL-CALLBACKlbution: class button, win: class window, panel class entry -panel ) 
SA = the uil-scroll-area upon the subworkspace of die: 
BR = the hioreservoir named by the related-item of dig: 

BRL= the downstream-bioreservoirs-list that is t he -downstream - hioreservoir s- h st-ol BR : 
BPL = the dow nsiream-bioprocesses- list that ^ 

if not (there exists an uil-message-ohjeci that is a-selected-messawof SA> then go to no-entry-rouune: 
create a hm-downstream-bp-simulation-list DBPL: 
create a down-br-simulalion-list DBRL: 
create an up-br-simulation-lisi UBRL: 

call ALT-READ- SCROLL-PROC (BPL. BRL. DBPL. DBRL UBRL. in. dig): 
transfer DBPL to the subworkspace of dlgat (395. 70): 
transfer DBRL to the subworkspace of dlgat ( -35. 69): 

transfer UBRL to the subworkspace of dlgat 1 53. 69); . . - , ui i 

if there exists a text-pushbutton de upon live subworkspace of dlgsueh that (the id oi de = de ) then disable de: 
disable button: 
return: 

no-emr\ -routine: . 

md = call create-mcssage-dialog t"md". "No bioModel has been selected lor this simulation.thck on the button 

for help, follow the instructions and click on LIST again", win. 0. (J: 
return. 

TABLE 213 

Al T-READ-SCROl I PROC (BPL: class downstream-bioprocesses-list. BRL: class downstream- hioreservoir s- list. DBPL: class 
bm-dtnvnsiream-bp-simulaiion-list. DBRL: class down-br-simulat ion- list. UBRL. class up-br-simulation-list. win: class window, 
panel: class entry -pane I) 

^Toll-array a call get-seiecied-message (panel, select- hiomodel-seroli "): 

for ST « each text in scroll-array do 

BMN * symbol (ST): 

BNt = the hiomodel named bv BMN: 

conclude that BM t> A-S1MUI-ATED-BM-OF M 

n = n + 1 . 

if n= 1 then SBMT* ST else 

u n > I then SBMT = "|SBMT|. \STY: L , , 

>1hhv the subworkspace of BM at three-quarter scale with its top right corner M) units below the top right corner oi the screen, 
for DBR = each bioreservoir in BRL do 

allow other proces*mc: m , nnBI 

if DBR is BR-CONTAINED-IN BM then insert DBR at the end of the bioreservoir list DBRL: 

conclude that the lenght of DBRL = the number of elements in DBRL: 

for DBP s each bioprocess in BPL do 

a I low other prix:ess me : , n . 

if DBP is BP-CONTAINED-IN BM then insert DBP at the end of the bioprocess list DBPL: 
conclude Uut the lenght of DBPL - the number of elements in DBPL: 
for FDBP = each bioprocess in DBPL do 
allow other processing: ,„ nu 
if there exists a bioreservoir that is an-up-hioreservoir-ol FDBP then 
lor UBR = each bioreservoir that is an-up-bioreservoir-of FDBP do 
if not (there exists a bioreservoir DBR in DBRL such that I DBR is the same object as UBR)) then 
insert UBR at the end of the hioreservoir list UBRL: 
conclude that the lencht of UBRL = the number of elements in UBRL: lfnim . > 
change the name of DBPL to svmhol ("BPs-downstream-or-|the related-item oi panel]- wiilun-| SUM! 1 ). 
chance the name of DBRL to svmNili"BRs-downstream-of-|ihe related item oi p;mel]-wiiliin-|SBMTr 
change the name of UBRL to symbol* " up-BRs-of-|the related-item oi panel|-within-|SBMTl >. 
conclude that the rel-biomodel of DBPL = |SBMT1' . 

i there exists a text-nushbuuon dr upon SW such that (the id ot dr = dr ) then enable dr. 
return: 
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TABLE 214 



S1MUL-DRA W-DBP-CALLBACK I button: class button, win: class item, panel: class ciur>'-puncl i 
WS = the subworkspace 01" panel. 
DBPL a the bm-dowtmream -bp- simulation-list upon WS: 
BR = the bioreservoir named by the reluicd-itcm of panel: 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
if there exists a c-neural-paih-iracer upon WS (hen 
for NT = each c-neural-patrMraeer upon WS do 
delete NT: 

create a c-neural-path-tracer NT bv cloning masier-neuro-paihwav: 
transfer NT to WS an 5 1 0. 290): 
SW = the subworkspace of NT: 
BT s the biomodel-tiile upon SW; 

conclude that the label of BT = *'|ihe label of BT): (the label of BR1" : 

show SW ut three-quarter scale with its top left corner 50 units below the lop leu corner ol Uie screen: 
call CONnGURE-PATH-TRACER-PRCX: (NT. wm>: 
x = the x-nos upon SW: conclude lhat x » -300: 
y a the y-pos upon SW: conclude that y « 20: 

create a hioreservoir LBR by cloning BR. activate the subworkspace of LBR: 
PO = the biopool upon the subworkspace of LBR: 
create a panel -text TI: 

change the texi of TI lo "[the master-bioreservoir of LBR)": 
transfer TI lo BRW at <middle-x (K)i. middie-y (PO) - 80): 
transfer LBR to SW at <x. y>: 
conclude that v a v - 40: 

call SIMUL-CUEATE LOCAL-BP-PROC (BR. LBR. WS. SW. winn 
for NBP = each bioprocess upon SW do 
MBP = the bioprocess named by the master-btoproccss of NBP: 
if there exists a bioreservoir thai is an-up-bioxeservoir-of MBP then 
call SIMUL-CREATE-UP-LOCAL-BR-PROC (NBP. MBP. WS. SW. win); 
call ALT-ACnVATE-SlMULATION-PROC ipaneL wini; 
chance the size of SW to minimum: 
disable button : 

if there exists a text -pushbutton st upon SW such that (the id of st a "si") then disable s: 
return: 



TABLE 215 



SIMUL-CREATE-LOCAL-BP-PROC f BR: class bioreservoir. LBR: class 
bioreservoir. WS: class workspace. SW: class workspace, win: class window) 
DBPL a the bm-downsireum-bp-simulatMi*lUt uron WS: 
x s the x-pos upon SW: y a the y-pos upon SW: 
if there exists a bioprocess thai is a-uWn-bioprocess-of BR then 
for DBP = each bioprocess lhat is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 

if there exists a bioprocess MBP upon SW such lhat (the master-hioprocess of MBP = 
the master-bioprivess of DBP i then 
LDBP a MBP; 
co to connect -BP- routine; 
else 

conclude lhat x a \ + 110: 

create a bioprocess LDBP by cloning DBP: 

activate the subworkspace of LDBP: 

transfer LDBP lo SW at <x. y): 

r a random (3. 35): t a random (20. 76); 

create a connection connected between LBR newly locating it at right at the position given by r and I. DBP newly 

locating it at top at the position given by t with direction output; " 
conclude that vsv. 40: 

call SIMUL-CREATE LOCAL-BR-PROC (DBP. LDBP. WS. SW. win): 
return: 
conncct-BP-routtne. 

for C = each connection connected to LBR do 

if there exists a connec tion DC connected to LDBP such that iDC is the same object as Ci then return: 
i a random ( 20. 7 ft > : r a random (3.35): 
p a x-rel-posiuon <IJJR. LDBP): 
if pXMhen 

create a connection of class c-linc connected between LBR newly locating it at right at the position given by r and LDBP 
newly locating it at hoitom at the position given by t with direction output, with vertices ft -AO else 
ifp<0the"n 

create a connection of class c-line connected between LBR newly locating it at bottom at the position given by i and 
LDBPnewlv locatinc it at left 52 with direction output, wiih'vcnices •AO: 
call SIMUL-CRKATE-LOCAL-BR PROC (DBP. LDBP. WS. SW.winr. 
return 
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TABLE 216 



S1MUL-CREATE-LOCAL-BR-PROC (BP: class bioproccss. LBP: class 
hioproccss. WS: class workspace. SW: class workspace, win: class window) 

DBRL = the down-br-simulation-list upon WS: 
x a the x-pos upon SW; 
v s the y-pos upon SW: 

if ihcre exists a biorescrvoir that is a-down-biorcservoir-of BP ihen 
lor DBR = each biorescrvoir that is a-down-biorescrvoir-of BP do 
if DBR is a member of ihc biorescrvoir list DBRL ihcn 
if ihere exists a biorcservoir MBR upon SW such thai ( the master- 
bioreservoir of MBR = the masicr-bioreservoir of DBR) then 
LDBR = MBR: 
go to connect-BR-routinc: 
else 

allow other processing: 
conclude that x = x + MO; 

if x > 2400 then show SW at onc-quancr scale with its top left comer 
50 units below the top left corner of the screen else 

if x > 1400 and x < 2400 ihcn show SW at half scale with its top left 
comer 50 units below the top left corner of the screen: 

create a biorescrvoir LDBR bv cloning DBR: 

BRW = the subworkspace of LDBR: ~ 

PO s the biopool upon BRW; 

create a panel-text TI; 

chance the text of TI to "[the masicr-bioreservoir of LDBR)": 
transfer TI to BRW at ( middle-x (PO). middlc-y (PO) • 80): 
change the size of BRW to minimum: 
transfer LDBR to SW at (x, y): 
rs random! 3, 35): 
t = random (20, 76): 

create a connection connected between LBP newly heating it at right 
at the position given by r and LDBR newly locating it at top at the 
position given by t with direction output: 
conclude'that v = v - 40: 

call SIMUL-CREATE-LOCAL-BP-PROC (DBR. LDBR. WS. SW. 
wini: 
return: 

connect-BR-routinc: 

lor C = each connection connected to LBP do 
if there exists a connection DC connected to LDBR such that (DC is the 

same object as C) then return; 
i = random (20. 76): 
r- random (3. 35): 
p= x-rcl-posiiion (LBP. LDBR). 
if p > 0 then 

create a connection of class c-linc connected between LBP newly 

locating it at right at die position given by r and LDBR newly 
locating it at bottom at die position given by t with direction output, 
with vertices 6 -60 else 
if p < 0 then 

create a connection of class c-Iinc connected between LBP newly 
liKating it at bottom at the position given by t and LDBR newly 
locatinc it at left 52 with direction output, with vertices -60: 
call SIMUL-CREATE-LOCAL-BP-PROC (DBR. LDBR. WS. SW. win), 
return 
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TABLE 217 



SIMUl"cREATE-UP-L(X:AL-BR-PR()C (NBP: class bioprocess . MBP: class bioprocess. \VS: 
class workspace. SW: class workspace- win: class window* 

UBRL = ihe up-br-simulation-list upon WS: 
x = the x-pos upon SW; 
v - ihe y-pos upon SW: 
conclude lhai x = the item-x-posiuon of NBP: 
conclude thai Y » the item-y-posiiion of NBP + 200: 
lor UBR = each bioreservoir that is an-up-bioreservoir-ol MBP do 
if UBR is a member of the bioreservoir list UBRL then 
if there exists a bioreservoir MBR upon SW such thai (the master- 
biorescrvoir of MBR « the master-bioreservoir ot UBR) then 
LUBR = MBR. 
go to connect-BR-routine: 
else 

allow other processing: 

conclude thai x = x + 110; 

create a bioreservoir LUBR by cloning UBR: 

activate the subworkspace of LUBR: 

BRW = the subworkspace of LUBR: 

PO = the biopool urx>n BRW: 

create a panel-text Tl: 

chance the text of Tl to "|the master-bioreservoir ol LUBR I : 
transfer Tl to BRW at (middle* <PO). middle-y <PO) - 80). 
chance the size of BRW to minimum; 
transfer LUBR to SW at t x. y ). 
r = random (3. 35): 

t * random ( 20. 76): • u 

create a connection connected between NBP newly locating it at bottom at the position given by 

I and LUBR newly locating it at top at the position given by t with direction output: 
conclude that y = y - 40 
return: 
connect-BR-routine: 
for C * each connection connected to NBP do 

if there exists a connection DC connected to LUBR such that I DC is the same object as C) then return; 
t = random (20. 76): 
r = random (3. 35); 
p = x-rel-position (NBP. LUBR): 

"dele a connection of class c-line connected between NBP newly locating it at right at the 
position given by r and LUBR newly locating it at bottom at the position given by t with 
direction output, with vertices 6 -60 else 

"create ;iawnecuon of class c-line connected between NBP newly locating it ai bottom at the 
position given by t and LUBR newly locating it at left 52 with direction output, with vertices -60: 
return: 



TABLE 218a 



THE-B!OP<X)L-OF-R 




First class 


biopool 


Second class 


bioreactam 


Relation name 


the-biopool-of-R 


Inverse of relation 


a-bioreactaiu-of 


Type of relation 


one-to-many 


Relation is symmetric .' 


no 


THE-Bl()PW)L-OF-P 




First class 


biopool 


Second class 


bioproduct 


Relation name 


the-hiopool-of-P 


Inverse ol relation 


a-bioproduct-of 


Type of relation 


one-to-many 


Relation is symmetric? 


no 
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TABLE218h 

A LT-ACTI V ATE-SIM U LATION • PROC (panel: class entry-panel, win: class window) 
VVS s the subworkspace of panel: 
NT = the neural-path-tracer upon WS: 
SW = the subworkspace of NT: 
M s the model-definition upon WS: 

BCB = ihe subworkspace of the basal-density-source-tracer upon WS: 
User-BC = the user-bc-br-lisi upon BCB: 
simui-n = call uil*unique-id ( 'simulation-' ): 
change the name of SW to symbol* "(simul-n]"): 

chance the text of the items-belonging-to- this- model of M to *|ihe name ol SW] : 
for SBR = each bioreservoir upon SW do 
allow other processing; 

P< ) = ihe biopool upon the subworkspace of SBR: 
for PP = each biopool-posi upon ihe subworkspace of SBR do 
lor SBP = each bioprocess upon SW do 
if the master-bioproeess of SBP = tlie ref-bioprocess of PP then 
for RP s each biorole-posi upon the subworkspace of SBP do 

if ihe ref-bioreservotr of RP = the masier-bioreservoir of SBR then RO = ihe biorole«>biecl connected to RP: 
if RO is a bioreactam then conclude thai PO is THEBIOrX XJL-OF-R RO 
else conclude that PO is THEBIOPOOL-OF-P RO: 
if the basal -density of PO /= 9.9e-99 then insert SBR at the end of the bioreservoir list User-BC 

^tall BASAL-DFNSITY PROC (SBR. panel): 

change, the text of ihe c -panel-text upon BCB to "Sources of values tor Basal Concemraiion within ihe scope 

of ihe current simulation' . 
return: 
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ALT- START-CONC -INPUT-CALLBACK thuuon: class button, win: class window, panel: class emry-panel) 
he relaled-iieni of panel: BR s ihe bioreservoir named by he related-item oi panel:: 

P( ) = the biopool upon the subworkspace of BR: 

top = the top-container that is ihe-coniaincr-oi-br BR: 

I) = tlK densitv-entrv of PO: 

incr = the CURRENT-SIMULATION TIME-INCREMENT of panel: 
t = the CURR&VT-SLMULATION TIME of panel: 
C s call gel -edit -nox-valuetpanel. "cone -entry-value"): 
if C = <>/> then go to no- value -routine 
else go to main-routine: 

' K \j J o^p^ca^ call creaie-querv-dialoe i"fd". the svmbol none. "No value for the concentration of (the related-item 
of panel) has been entered. If vou want lo run the simulation wiih no cxicmul iiipui then press NONE, ll you 
want an inpui at time 0. enter the desired value in the box below and press INPUT. Otherw ise press cancel and 
enter on the panel and press START again. '. "0.0". win. 0. Or. 

cone lude that ihe id ol o = ' input : 

conclude that ihe label of o = "INPUT*: 

conclude that the id ol an = none : 

conclude that the label of an « "NONE": 

conclude that the id ol ca = cancel": 

option s call wait-U*r-dialog (I'd. win): 

case option is 
' input : 

C stall uil-get-query -dialog-value (fd); 
go to main-routine: 

"none": 
C = 0.0: 

go to main-routine: 
"cancel": 
return: 

main-annine: , i . . . 

EV = C (molar) * (S.023e23 {molecules/liter] * ihe volume {liters per top- com amerl ot top. 

disable bution: 

ETtext = call gei-edii-hox-valuei panel. *emry-iime"»: 
ET = quantity (ETiexti: 
allow other processing: 

call START-SIMULATION-PROC (win. panel): 
wail until t >o FT checking every 1 second: 
conclude that DE=EV. 

wait until I >* ET + incr checking every 1 second: 
conclude that DF a 0.0: 
if i > ET ♦ incr then reium: 

"ZiO 
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ALT-RESET-SIMULATION-CALLBACK (tuition: class bution. win: class window, panel: class entry-panel i 

M as the model-definition upon Uie workspace of button; 
call e2-reset -model (Mu 

conclude that the current-simulation-time oi' panel = 0.0: 
conclude thai the currem-simulaiion-iime-incremem of panel = 0.0; 
if Uierc exists a hiomodcl that is a-simulated-bm-of M then 
tor BM = each biomodel that is a-simulaicd-bm-of M do 
allow other processing: 

chance the status-color icon-color of BM to medium-aquamarine; 

conclude that BM is not A-SIMULATED-BM-OF M; 
if there exists a bm-downsucam-bp-simulaiion-list DBPL upon SW then delete DBPL: 
if there exists a down-hr-simulation-lisi DBRL upon SW then delete DBRL: 
if there exists a up-hr-simulation-lisi UBRL upon SW then delete UBRL; 
if there exists a texi-pushbulton Is upon SW such that (the id of Is =* "Is") then disable Is; 
if there exists a text-pushbutton dr upon SW such that (the id of dr * "dr") then disable dr; 
if there exists a lext-pushbuuon si upon SW such that (the id of si = "si") then disable st; 
if there exists a lext-pushbuuon pa upon SW such that (the id of pa = "pa~» then disable pa; 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then disable rm: 
if there exists a text-pushbutton de upon SW such that ithe id of de - "de") then enable dc; 
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an user-menu-choice 

Label show-bp 
Applicable class biopool-post 

Condition the ref-bioprocess of the iiem has a value 

Action start P<X>LPOST-SHOW-BP-PR<X: (the item, this window) 

P(X)LP()ST-SH<)\V-BP-PR(>C tpost: class hiopool-posi. win: class window* 

if posi has a name then BP = the bioprocess named by the ref-bioprocess of post 
else 

if there exists a bioprocess ABP such thai ( ABP has no name and the master-bioproeess of ABP has a 

current value and the master-bioproeess of ABP = ihe ref-bioprocess of post) then 
BP = ABP: 

chance ihe size of the subworkspacc of BP 10 minimum: 
case (ihe toggle-state of post ) of 
show : 

chance ihe color-pattern of post so that light-color is dim-gray . dark-color is light-gray . white-color = 

the symbol black; 
conclude thai the toggle-state of post is hide: 
case uhe class of post) of 
hiopool-p-post: 

snow the subworkspacc of BP on W at lull scale with its center 280 units above the center of Uie screen: 
biopool-r-post: 

show the subworkspacc of BP on W at full scale with its center 280 units below the center of the screen: 

hide: 

chance the color-pattern of post so that light-color is light-gray . dark-color is dim-gray . white-color = 

die symbol white: 
conclude that the toggle-state of post is show; 
.ude ihe subworkspacc of BP on W; 
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Class name 
Superior class 
Attribute.* specific to class 



Class restrictions 
Attribute displays 
Icon description 



experiment-selection 

biotool 

label is '*": 

re f- bioreservoir: 

amount -entry is 0.0: 

factor-entry is 0.0: 

lime-entry is 0 seconds: 

currently-selected has values true or false (default is FALSE) 

unless in developer, or modeler mode: selecting any experiment-seleciion implies table 

label offset bv<-37. 12) 

experimcm-scleciion-pauern (width 70: height 40: dark -color . light-color . type-color . white -color 
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BR-SCROLL-CALLBACK i tracer: class bi -scroll- tracer, win: class window, dig: da** entry-panel) 
create a workspace display by cloning the SW of BR- SCROLL: 
make display the SW of tracer, 
create a text-list BKNL: 
for each bioreservoir BR with a name do 

insert "<the name of BR> * at the end of the text list BRNL: 
add each message in list BRNL to the w.To!!*area up.T. display : 
change the size of display to minimum: 
>ho\v displav on win uf the bottom ridtt comer of the screen: 
delete BRNL: 
return 
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Class name process-button 
Superior class action-button 

Attributes specific to class uction-proc-name is PROCESS* EXPER-C ALLBACK 
Icon description process- buuon-patiem t w idth 80: height 30) 

PROCKSS-KXPER-CALLBACK (button: class pushbutton, win: class window, panel, class entry-panel) 
SW = the subworkspace ol panel: 
M = the model-definition upon SW: 
create a downstream-biorescrvoirs-list BRL. 
transfer BRL to SW at (-370. -335): 
create a experiment -select ions- list SL: 
transfer SL to SW at (-275. -335): 
create a downstream-bioprocesses-list BPL; 
transfer BPL to SW at (-180. -335). 
create a M.Toll-lexi-lisl PSML: 
for KS = each experiment -select ion upon SW do 
allow other processing: 

it the texi of the rcf -bioreservoir of ES /= none and the text of the curreiuK selected ot ES = true ihcn 
insert KS ai the end of the experiment -select ion list SL: 
BR = the bioreservoir named hv the rcf -bioreservoir of ES, 
call RLL-BR-DOWNSTREAM-LISTS-PROC (BR. BRL. BPL. whn. 
for DBP = each bioprocess in BPL do 
for DBM = each biomodel that is ihe<omainer-of-bp DBP do 
if DBM is not a bioreservoir- bin then 
insert "(the name of DBM)" at the end of die text list PSML: 
tor DBP = each hioproeess in BPL do 
for DBMT x each lext in PSML do 
DBMN = svmbol(DBMT): 
DBM = the biomodel named bv DBMN: 

if DBM is not thc-containcr-of-bp DBP then remove DBMT front the text list PSML: 
for DBMT = each text in PSML do 

DBMN =svmbol< DBMT): 

DBM = the biomodel named bv DBMN; 
sa = callcreaie-scroll-area-fronvlisi ( solect-hiomodel-seroll . 5. PSML panel. -.70. -„ 8). 
change the text of the id of sa to selcct-biomodel-scroll. 
conclude that the allow-unselecl-on-sejected-messaceol sa is true: 
conclude that the allow -multiple-sintultatieous selections of sa is tnie: 
change tlie text of the me.ssage-sclcciion-method of sa to MESSAGE-SELECTION: 
change the text of the messaie-unse lection -met hod of sa to MESSAGE-UNSKI .ECTION: 
if there exists a icxi-pushhuuon is upon SW such that (the id of Is = "\>") (hen disable Is: 
if there exists a text -pushbutton el upon SW such thai ( the id of cl = \T) then enable cl: 
disable rumor.. 
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CLEAR-EXPER-CALLBACK (button: pushbutton, win: class window. panel* class rniry-nMiifh 
SW = (he subworkspace of panel: 
if there exists an p2-lisi upon panel then 
tor L = each g2-Hsi upon panel do 
delete L: 

if there exists a uil-scroll-area sa upon panel such that (the id of de = "selcct-biomodel-scroir ) then delete sa; 
if there exists a text-pushbutton pr upon SW such thai (the id of pr = "pr") then cnabic pr; 
disable button: 
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LIST-EXPER-CALLBACK (buuon: class pushbutton, win: class window, panel: class eniry-paneli 
SW = the suhworkspace of panel: 

M: class model-definition « the model-definition upon SW: 
DBRL = the downsuxam-bioreservoirs-list upon SW; 
DBPL= the downstrearn-bioproeesses.list upon SW: 
UBRL = the up-bioreservoirs-list upon SW; 
ti: integer = 0; 

if there exists a scroll-area sa upon SW such that (die id of sa = "sa") then 
if not t there exists an message-object that is a-sclected-message-of sa» then 

co to no-emry-rouiine 
else 

create a bm-downstream-bp-simulation-list CDBPL; 

create a down-br-simulation-lisi CDBRL: 

create an up-hr-simulation-list CUBRL: 

call READ-SCROLL-PROC (DBRL. DBPL UBRL. CDBRL. 
CDBPL. CUBRL. win. panel): 

transfer CDBPL to SW at (-90. -350i; 

transfer CDBRL to SW at i-35. -350): 

transfer CUBRL to SW at (20. -350); 
if there exists a text-pushbutton hi upon SW such that uho id of hi = "hi") then disable hi; 
disable button: 
return: 

no-emry-routine: 

md =cal! uil<reaie-message-dialog f md'\ "No hioModel has been selected for this experiment. 

Click on the ? button for help, follow the instructions and click on LIST again", win. 0. ();. 
return; 
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ACTIV ATE -EXPER-CALLBACK (button: class pushbutton, win: class window, panel: clxss envy-panel) 
WS « the suhworkspace of panel: 
ESL= the experimeiu-selections-lisi upon WS: 
DBPL= the bm-downstrcam-bp-simulation-lisi upon WS; 
val = local text: 

if the user-mode of win is simulation then 
for ES = each experiment-selection in ESL do 
if die amount-entry of ES = 0.0 and the f actor-entry of ES = 0.0 then 

co to no- value-routine 
else 

go to main-routine; 
no-valuc-routinc: 

fd = call create-qucry-dialoe t"fd". "No value for the amount-entry or factor-entry of Ithe label of ESI has 
been entered. If you want to run the simulation with no external input then enter YES in the box below 
and press OK. (Jtherwise. press OK. enter the desired value for this experiment-selection, and press 
ACTIVATE again.", the symbol large. "NO", win. & 0); 

val « call gei-query-dialog- value (fd): 

if val = "YES" then go to main-routine else return; 
main-routine: 

if the number of elements in DBPL = 0 then go to no-bp-rouiinc 
else 

call ACTIV ATE-SLMULATION-PROC twin, panel): 
disable button: 
return: 
no-bo-rouune: 

aJ s call create-message-dialog ("ad". "There are no bioProccsses that can be selected for activation", win. 0. (h. 
return: 
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DRAW-EXPER-PATHWAY-CALLBACK (button: ektss buuon. win: class window, panel: class entry-panel) 
WS = the subworkspace 01 panel: 
EL = the exrx:rimcnt-selccitons-lisi upon WS : 
DBHL = the bm-downstream-bp-simulauon-list upon WS: 
inii-x: integer = • 50; 

it there exists a c-navig-path-tracer upon WS then 
lor NT s each c-navig-path-tracer upon WS do 
delete NT: 

create a navie-path-tracer NTbv cloning M ASTER -NAVIG-PATHWAY: 

ir:uisterNTioWSati30. -24UI: 

SW = the subworkspace of NT: 

x = the x-pos upon SW: 

y = the y-pos upon SW: 

conclude thai v= 120: 

show WS at half scale with its bottom rich! comer at the bottom right comer of the screen. 

show SW at three-quarter scale with its top left comer 50 units below the top iett comer ot the screen: 

call CONF1GURE-PATH-TRACER-PROC <NT. win): 

for E * each experiment-selection in EL do 

allow other processing: 

n = n + 1 : 

conclude that x = inii-x ♦ 110 * fn - \): 
conclude that v = v - 100: 

BR = the bioreservoir named by the ref-bioreservoir ot E: 

if there exists a bioprocess that is a-down-bioprocess-of BR then 

conclude thai the status of BR is selected-for-input: 

BT = the biomodel-thle upon SW : 

conclude that the label of BT = "|the label of BT|: line label of BRp 
create a bioreservoir LBR by cloning BR: 
transfer LBR to SW at (x. y): 
conclude that v = v - 40: 

for DBP = each bioprocess that is a-down-bioprocess-ol BR do 
allow other processing: 
conclude thai x = x + 1 10: 
create a bioprocess LDBP by cloning DBP: 
transfer LDBP to SW at ix. y): 
r = random (3. 35): 
t = random (20. 76): 

create a connection connected between LBR newly locating it at right at the position given by r and 

LDBP newly locating it at top at the position given by t with direction output: 
conclude that v * v - 40: 

call CREATE-LC >CAL-EXPER-BP-PR( >C ( DBP. LDBP. SW. wtm: 
chance the size of SW to minimum: 
disable rumor., 
return 

TABLE 230 

START-EXPER-CALLBACK i button: class pushbutton, win: class window, dig: class entry -panel) 

panel = the SW of die: . , 

call SET-BASAL-DENSITIES-PROC (win. dig): ESL = the expenmeiu-selections-hst upon panel. 

define three local quantities: EV. FE. and ET: 

M = the model-definition upon panel. 

for ES = each experiment-selection in ESL do 

BR = die bioreservoir named by the ret -bioreservoir ot ES: 

EV « the amount-entry of ES: 

FE = the factor-entry of ES: 

ET = the time-emrv of ES: 

if EV /= 0.0 then 
if BR is a sol-mol-reservotr or BR is a exp-cell-reservoir then 

start CONCUNPUT-PROC < BR. EV. ET. win. dig) 
else start DENSITY- IN PUT- PRIKT (BR. EV. ET. win. die) 

else stan DENSITY-INPUT-PROC (BR. FE. ET. win. dig): 
start runtime the model M. conclude that the model-simulation-status ot M is running, and inuirm the 
' operator mat " The simulation within <the iiems-belonemg-to-Uns-nKxlel ol M> has started at <the current 

timeasatimestamp>". 
enable the button upon panel which id is "pa": 
disable button: 
return 



WO 96/22575 



TABLE 228 



PCT/US96/00883 



CREATE-LOCAL-EXPER-BP-PROC (BP: class bioprocess. LBP: class bioprocess. display: class kb-workspace. 
win: class G2-window) 
define lour local integers: p. I, r. and t: : 
x s tiie x-pos upon display: y= die y-pos upon display: 
for each bioreservoir BR thai is ihdo\vn-bioreser\vir-of BP do 
lor each bioprocess DBP dial is thdow n-bioprocess -of BR do 
if there is a bioprocess MBP upon SW such diat die master- 
bioprocess of MBP is equal to die master-bioprocess of DBP dien 
so to conneet-BP-rouune: 
else: 

conclude dial x = x + 110: 

create a bioprocess LDBP by cloning DBP: 

transfer LDBP to display at (x. y): 

create a connection connected between LBP newly locating it at right at the position given by random 

(3. 35) and LDBP newly locating it at top at the position given by random (20. 76) with direction output: 
conclude that v = v - 40: 

call CREATE-LOCAL-EXPER-BP-PROC (DBP. LDBP. display, win) 

rc-turn: 

connect-BP-routine: 
for each connection C connected to LBP do 

if dicre exists a connection DC connected to MBP such that DC is die same object as C then return: 
if die x-position of LBP is lower dian die x-position of MBP) then 
create a connection of class c-line connected between LBP newly locating it at right at the position given by 
random (3. 35) and MBP newly locating it at bottom at the position given by random (20. 76) with direction 
output, widi vertices 6 -60 else 
if die x-position of LBP is higher dian die x-position of MBP) then 
create a connection of class c-line connected between LBP newly locating it at bottom at die position given 

bv (20. 76) and MBP newlv iocatine it at left 52 with direction output, with vertices -60: 
call CREATE-LOCAL-EXPER-BP-PROC ( DBP. MBP. display, win): 
return 
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CONC-INPUT-PROC (BR: class bioreservoir. C: float . ET: integer, win: class window, dig: class dialog) 
PO a die btopool upon the subworkspace of BR; 
top ■ die top-container that is \iie-container-of-br BR: 
define a local float EV: 

if BR is a sol-mol-reservoir or BR is a exp-cell-reservoir then 

EV s C (molar) * 6.023e23 (molecules/liter) * die volume of top {liters} 
t = die current-simulation*time of dig: 
incr = die current-simulation-ume-iiKTement of dig: 
wait until t >= ET checking every 1 second: 
conclude dial the density-entry of PO = EV: 
wail until l >= ET + incir checking every* I second: 
conclude that die density-entry of PO = 0.0: 
if t > ET + incr then return 



DENSITY-INPUT-PROC (BR: class bioreservoir. D: float . ET: integer, win: class window, dig: class dialog* 
PO s the biopool upon the SW of BR: 
i = die current-simulation-time of dig: 
incr = the currcnt-simulauon-ume-increment of dig: 
wait until t >= ET checking every* I second: 
conclude that die density-enuy of PO * D: 
wait until i >=■ ET incr checking even* I second: 
conclude dial the density-entry of PO = 0.0: 
ij t > ET + incr dien return: 



RELATIVE-INPUT-PROC (BR: class bioreservoir. F: float. ET: integer, win: class window, dig: class dialog) 
PO st the biopool upon die subworkspace of BR: 
t = die curTeiu-simulatioti-time of dig: 
incr = die cun-eni-simulation-ume-incrcmem of dig: 
wait unul t >= ET checking every* 1 second: 
conclude that the scaled-entry of PO = F. 
wait unul t >= ET + incr checking every I second: 
conclude dial die scaled-entry of PO = 0.0: 
if t > ET + incr dien reiurn. 
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PAUSE-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: 
class entry-panel) 

SW = the subworkspaee of panel: 
M « the model-definition upon SW; 
call e2-pausc-model (M): 

if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then enable rm: 
disable button : 



RESUME-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: 
class entry-panel) 

SW = the subworkspaee of panel: 
M = the model-definition upon SW: 
call o2-rcsume-mode! (M): 

conclude that the model-simulation-status of M is running: 

if there exists a text-pushbutton pa upon SW such thai (the id of pa = "pa") then enable pa: 
disable button: 
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RESET-EXPER-CALLBACK (button: class pushbutton, win: class 
window, panel: class entry-panel) 

SW = the subworkspaee of panel: 

M = the model-definition upon SW; 

if the u2-user-modc of win is simulation then 

ealfRESET-SIMUL-PROC (M. panel): 

call g2-resct-nxxiel <M>: 

conclude that the current-simulation-timc of panel = 0 seconds: 
conclude that the curreni-simulaiion-iimc-ineremeni of panel = 0 
seconds: 

else 

call RESET-NAVIG-PROC (panel): 
if there exists a icxi-pushbution si upon SW such that (the id of st - "st") then disable st: 
if there exists a text-pushbutton pa upon SW such than the id of pa = "pa") then disable pa: 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then disable rm: 
if there exists a text-pushbutton hi upon SW such that (the id of hi = "hi") then enable hi: 
for md = each uil-messace-dialoc upon the subworkspaee of DIALOG-BIN do 
delete md: 



WO 96/22575 



PCTAJS96/00883 



VI. CLAIMS: 

.Vhat is claimed is: 

1 . A computer system comprising one or more processors coupled to one or more memory components, storage 
devices, displays, and user input devices, further comprising a program stored in said memory components 
tor enabling the computer generation of virtual iconic models of complex multidimensional systems, wherein 
said program further comprise: 

• sets of different types of modular domain -specific processes icons, wherein each of said process icons 
represent one the many processes of different types in said complex system, together with its inputs and 
outputs 

• sets of modular domain-specific reserv oir icons, wherein each of said reservoir icons represents a pool 
of a single type/state of entity in said complex system, together with its inputs and outputs; 

• a code library comprising means tor establishing links between process icons and reservoir icons, . 
wherein said links are established between each input component of a process icon and an output 
component of each reservoir icon representing an input source for said process; and wherein said links 
are established between each output component of a process icon and an input component of each 
reservoir icon representing an output target for said process; 

• a code library comprising the means for the integration of alternating layers of said processes icons 
linked to said reservoir icons into multidimensional pathways, wherein each of said reservoir icons 
receives inputs from one or more of said process icons and /or is the source of inputs to one or more of 
said process icons, and wherein each of said process icons receives inputs from one or more of said 
reservoir icons and/or is the source of inputs to one or more of said reservoir icons; 

2. An system based on simulated virtual iconic models of complex processing systems for enabling the 
monitoring and control of the operation of said pnxessing systems, wherein said virtual models comprise 
multidimensional pathways of linked and alternating processes icons and reservoir icons, wherein the 
process icons represent different types of processes in said processing system, together with their inputs and 
outputs, wherein each of said reservoir icons represents a pool of a single type/ state of entity in said 
system, together with its inputs and outputs, wherein each of said reservoir icons receives inputs from one or 
more of said process icons and /or is the source of inputs to one or more of said process icons, wherein each 

' of said process icons receives inputs from one or more of said reservoir icons and /or is the source of inputs 
to one or more of said reservoir icons, and wherein the system further comprises: 

• a computer system comprising one or more pnxessors coupled to one or more memory units, storage 
devices, displays, and user input devices; 

• a reactor, wherein the reactor may comprise any combination of reaction tanks, ferrnentors, hioreactors. 
or any other domain-specific processing systems, such as ecological habitats, environmental systems, 
manufacturing systems, or work places; 

• one or more monitoring devices linked to said computer system, wherein said devices monitor the 
operation of said reactor, and wherein said devices may comprise any combination of hardware, 
software, or manual data acquisition devices, such as sensors or other devices that measure values 
related to certain entities in the reactor, signal transducers, filters, amplifiers, data acquisition board*, 
appropriate device drivers, or any other required devices; 

• one or more controller devices linked to said computer system, wherein said devices regulate the 
operation of said reactor, such as controlling the flow of certain inputs to the reactor; 

• one or more domain-specific knowledge-bases loaded on said computer system describing virtual models 
of said complex processing systems, wherein said virtual models encapsulate variables, parameters and 
values characteristic of said processing systems for enabling the real-time simulation of said processing 
systems, and wherein one or more of said variables represent values of certain entities in the reactor; 

• a main program loaded on said computer system, wherein the components of said main program comprise: 

• monitoring components enabling the use of values monitored in said reactor to provide inputs to the 
simulation components and/or the control components; 

• simulation components enabling the real-time simulation of said virtual models based on the 
information and data contained in said domain-specific knowledge-bases, with or without 
additional inputs from said monitoring components; 

• control components enabling the generation of control signals that arc based on said simulation of 
the virtual models, wherein said control signals may or may not be additionally based on inputs from 
said monitoring components, and wherein said control signals are passed to said controller devices 
tor regulating the operation of said reactor. 
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• one or more monitoring interfaces loaded on said computer system, wherein said interfaces provide 
rortware bridges between said monitoring devices and said main program enabling passing of values 
measured for certain entities in the reactor to the corresponding variables encapsulated in the virtual 
models that represent said values being measured; 

• one or more controller interfaces loaded on said computer system, wherein said interfaces provide 
software bridges between said main program and said controller devices enabling passing of control 
signals generated by said main program based on the real-time simulation of said virtual modeu. 

3. A system as described in any of the preceding claims, further comprising location icons representing discrete 
space compartments, enabling to visually organize the large amounts of components of said virtual models 
into multiple encapsulated layers of compartments representing the actual location of the entities or 
processes of the complex systems represented by said components: 

4. A svstem as described in any of the preceding claims, further comprising time-compartment icons representing 
discrete time compartments, enabling to visually organize the large amounts of components of said virtual 
models into a series of successive compartments representing the actual time sequence of ordered sets of the 
processes of the complex systems represented by said components: 

5. A system as described in any of the preceding claims, further comprising entity icons representing the 
description of representative units of the entities of the pools represented by said reservoir icons, wherein 
said description can be accessed from the reservoir icons. 

ft. A svstem as described in any of the preceding claims, wherein each process icon represents a composite 
object with an associated subworkspace, wherein said subworkspace holds a predefined set of the modular 
iconic components of each process icon enabling visual access to each of said components, wherein said 
subworkspace can be displayed or hidden enabling the hiding or visual display of said components, and 
wherein said components of each process icon further comprise: 

• reactant icons representing the different inputs to said process icon, wherein different types of reactant 
icons represent the different roles that said inputs play as participants in the process represented by the 
process icon, wherein each of said reactant icons is to be linked to one of the input components of a 
reservoir; 

• an engine icon representing the action performed by the process represented by said process icon; 

• product icons representing the different outputs from the process represented by said process icon, 
wherein each of said product icons is to be linked to one of the input components of a reservoir; 

7. A svstem as described in any of the preceding claims, wherein each reservoir icon represents a composite 
object with an associated subworkspace, wherein said subworkspace holds a predefined set of the modular 
iconic components of each reservoir icon enabling visual access to each of said components, wherein said 
subworkspace can be displayed or hidden enabling the hiding or visual display of said components, and 
w herein said components of each reservoir icon further comprise: 

• a pool icon representing a pool of a single type/ state of entities; 

• a set of input-connector icons connected to said pool icon, wherein each of said connector icon* 
represent each of the inputs to said pool and is to be linked to one of the output components or a process 
and 

• a set of output-connector icons connected to said pool icon, wherein each of said connector icons 
represent each of the outputs to said pool and is to be linked to one of the input components oi a proce->. 

tf. A system as described in any of the preceding claims, wherein each of the processes icons and reservoir icons 
of the virtual model encapsulates one or more variables, parameters or values that represent quantities, 
rates, coefficients or other quantitative or symbolic values, enabling to distribute the components of the 
mathematical models or inference models that characterize the behavior of the complex system among all it- 
modular components, and further enabling the manipulation or any of those values for any icon 
independently of the others. 

9. A svstem as described in any of the preceding claims, further compnsing libraries of iconic prebuilt 

buiiding-blocks with associated methods for enabling the visual and interactive building of virtual models 
or complex systems, wherein said libraries further comprise: 

• a library of different types of modular domain-specific process icons representing different types ot 
domain-specific processes; 

• a library of different types of modular domain-specific reservoir icons representing pools of different 
types of domain-specific entities; and 

• a code library comprising the means for interactively create and link application-specific sets ot proce» 
icons and reservoir icons, enabling the rapid creanon or expansion or virtual models. 
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1 0. A system as described in any of the preceding claims, further comprising a program tor enabling the dynamic 
generation of interactive iconic displays of the interconnected components of the multidimensional pathways 
of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the selection or control of said dynamic displays of said 
pathways; and 

• a code library comprising the means for executing the inference processing required for said dynamic 
generation of displays of pathways and other related tasks requested by the user from said graphic user 
interface. 

11. A system as described in any of the preceding claims, further comprising a program for enabling the 
navigation through the components of said virtual models, wherein said program further comprise; 

• a graphic user interface with means for enabling the start or control of said navigation; and 

• a code library comprising the means for executing the inference processing required for said the 
navigation tasks requested by the user from said graphic user interface. 

1 2. A system as described in any of the preceding claims, further comprising a program for enabling the real-time 
simulation of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said simulation; and 

• a code library comprising the means for executing the inference and simulation processing required for 
said simulation and other related tasks requested by the user from said graphic user interface. 

13. A system as described in any of the preceding claims, further comprising a program comprising the means to 
perform mixed-type simulations of said virtual models, combining quantitative, semi-quantitative and 
heuristic methods, enabling the combination of various types of information and data of different degrees or 
precision. 

1 4. A system as described in any of the preceding claims, further comprising a program comprising the means to 
perform simulations of said virtual models, , wherein said program comprise methods capable of reasoning 
during said simulations about values or events over rime. 

15. A system as described in any of the preceding claims, further comprising a program for enabling the 
performance of queries based on the different types of components of said virtual models, wherein said 
program further comprise: 

• a graphic user interface with means for enabling the selection of the constraints or the display the results 
of of said queries; and 

• a code library comprising the means for executing the complex inference processing required for said 
queries and other related tasks requested by the user from said graphic user interface. 

16. A system as described in any of the preceding claims, wherein the virtual models of complex systems 
represent chemical systems. 

17. A system as described in any of the preceding claims, wherein the virtual models of complex system> 
represent biological cellular systems 
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The following features are round in both 
tyr. kinases and ser.thre. kinases: 
I: contains the consensus GXGXXG also 
found in nucteottde-binding proteins, and 
could form part of the ATP-binding site 
II: Lys295 is nighty conserved in other 
protein kinases and is thought to be 
involved in phosphotransfer reactions. 
Vt and VII: Asp386 and Asp404 may 
interact with the phosphate grpups ot ATP 
through Mg>+ salt bridges. 
The consensus sequences DlRAAN in VI 
and the enbre VIII are specific tor tvr. kinases 
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3 seconds 


Integration algorithm 


Euler 


External simulator configuration 
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Send all values at beginning of cycle 
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running 
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3311->CT 2. SELECTION OF BIOMODEL(S) 
M FOR DOWNSTREAM SIMULATION 
The scroll-area on the selection panel includes 
all those bio Models that contain the selected 
btoReservoir. from larger to smaller. 
* To view the set of bioprocesses that would be 
included in a simulation: 

1 . select the desired biomodel from the scroll-area. 

2. click on the LIST button below, and 

3. select 'describe* from the menu of the list-icon 
that appears on the right side of the scroll -area. 

4. If you are not satisfied with the size of thai bioModel, 
or want to explore other btoModels, press RESET 
and repeat the process again. 

5. Leave your final selection highlighted, and its 
corresponding list on the panel. 

6. Press ACTIVATE to continue, 

7. If desired, configure the slots of the table of the 
model M on the left side of the panel, by changing 
the default settings for the 'Default simulation time 
increment and the 'Integration algorithm*. 
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simulation-time | 339 seconds] 
| simulation-cycle | 3 seconds ] 
[ seconds-behind \ 0 | 
| clock-tick-length | 1.002 | 
| percent- run-time | 67.0 | 
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• 2. SELECTION OF BtOMOOEL FOR DOWNSTREAM SIMULATION \ 
I Tht ecrol area to the ffcht includes ait thoee btoModets that contain aR tha \? 
i downstram bioProceseea of the bioReservorrs selected, tiom larger to 
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For a dynemc navigation, proceed aa toUowtng: 

1. select tht desired bcmodei from tna scroll-area; 

2. cticfc on l ha LIST button to tha right; 

3. to v«w tna sal of bioProcesses and bwReservoff* thai woJd ba 
included in an experiment wrttwi eech bcModei. dick on the new ist-icona 
thai apptar batow tha LIST button; 

4. to explore othai bioModets, prasa RESET and repeal tha process. 
6. ttava your linat selection Nghtaghtad. and tha liata on tha pant). 

6. praaa PATHWAY to draw tna connactad petnwaya of tha aalactad 
bioProcesses. 

* For a Quantitative emulation continue aa toUowng: 

7. praaa ACTIVATE; 

B. to view tna eoureas of values tor ma Basal Amount oi each partrapatmg h 
fcoPoot cart on the BA button and deft on tna disoieyad tots * 
v. t dewed, configure tha slots of the Ob* ot tha mode* M to change tha t; 
dataul) settngs tor the Default simulation time increment and tne ii 
Irnegretcn aigorrthm _ 
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Sourcaa of values tor Basal Amount wsnm: 
GO-FB.BM 
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•SBA-BC* 



•NBO-BC* 



'PA8-BC" 



•NBC-SC* 



•NO-er 



The absolute value ot tne oasat-amount tor 
the bo Reservoirs mi ha lists above has 
bean computed from the Mowing sources: 
User-BC •> provided by user 
NBD-BC -> trom normat-basai-densitv 
NBC-BC •> tram norma l* basai*co nce^r at:o« 
SBA-BC ■> trom scaled -basal-amount 
PAB-BC •> trom physoi abundance 
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